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(57) A hybrid IC (1 000) of electronic circuit for a dis- 
charge lamp (2) is disposed on the bottom of a metal 
case (20). A transformer (41), an inductor (31), a trans- 
former (71), and a capacitor (45) are disposed in a resin 
case (21). The resin case is contained in a metal case 
(20). In this instance, the transformer, the inductor, the 
transformer, and the capacitor are located outside the 
outer periphery of the 10 so that the IC does not overlap 
on the transformer and other components. The trans- 
former (71) for a starter circuit (7) has a secondary 
winding (71b) the inductance of which is 2.5 mH or 
larger, and a capacitance (CI ) of a smoothing capacitor 
(44) of a DC-DC converter (4) is O.S^F or smaller. The 
switching frequency f of a MOS transistor (43) is 
selected so that L2xC1 is equal to or larger than 1x10" 
^xf-1-^. 
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[0003] The discharge lamp apparatus is mounted in a limited space such as the outside (side face^ of a hr.,.«inr, 
a head„gl.t of a vehicle. In the discharge lamp apparatus, a DC power of a vehiJe mo nti^baSy if bo^^^^^ 
higher voltege and inverted to an alternating cun-ent (AC) voltage to normally AC-llght a discharge In^^ HoSever^^ 
the t,me of starting up the discharge lamp, a high voltage pulse is produced by a starter tranJormer fhe h^gh voSae 
pulse generates electrical discharge between electrodes of the lamp due to dielectric breakdoZ tSeTSy o fo,^ ar^ 
discharge so that stable lighting is ensured by the AC voltage thereafter. reaKoown thereby to fomi arc 

[0004] The proposed apparatuses have various aspects to be improved further with resoect to assemhiahiiit., 
mountabillty in a limited space, operability of electronic circuits and the like ^ assemblabilrty, 

« " 'V!'TT ^" °^ P""^"^"' *° P^°^'d« « discharge lamp apparatus for vehicles which 

can be assembled and mounted in a limited space in a simplified process 

LTpUr.;ir rri^rcl^^^^^^^^^^ ^ ^ ^'-^-^^ '-^ ^^P— -^^-s which oper. 

^ K Hi« °7 ^^^t °' f''^^^"* «'«<=t^o"''= ^ir'^uit for a discharge lamp is integrated into a hybrid 

IC and disposed on the bottom of a metal case. Transformers, an inductor and a capacitor which ar^ no^tteqrJted a2 
disposed in a resin case. The resin case is contained in the metal case. In this instance the t^ns^me^the ^ductoT 

fnn H^Li.^J^^^^'' ^^T'^^ ^^^^"^^9«« °f the present invention will become more apparent from the follow 

ing detailed descnption made with reference to the accompanying drawings. In the figures: 

::td;;:;tt^^^^^^^^ 

FIGs^Ji Inn'^n^"^ 'Z^ "'7 ^" ^«««"^bly of the discharge lamp apparatus shown in FIG. 1 • 

fI?2 fespe<^i!e; " """"'''^ ^'""^ ""^ '"^"'"^ ""^ "'^-'''B in 

in ?res.Va^n'; 2- ^ °' ^ transfomier used in the discharge lamp apparatus shown 

FIG. 6 s a perspective view illustrating a cover which covers the discharge lamp apparatus shown in FIG 2- 
ramp'aiaTatTs'Lr nT;^^^^^^^ ^'^^ '^'"'"^ '^^^^ — ^'^harge 

RG.^8 is a sectional view illustrating an an^ngement of the discharge lamp apparatus mounted on a vehicle lamp 

RG. 9 is an electrical wiring diagram illustrating a circuit structure of the discharge lamp apparatus accordina to a 
second embodiment of the present invention; apparatus according to a 

FIG. 1 0 is an electrical wiring diagram of a gate circuit used in the discharge lamp apparatus shown in FIG 9- 
F G. 11 s a perspect«/e top view illustrating an assembly of the discharge lamp apparatus shown in FIG 9- 
^l^-^^-^P^-P-'^^-topv.ewofaconductivewiringpattemusedinthedischarge^ampapparatussh^^^^^^^ 
FIGS. 13A and 13B are modifications of the second embodiment shown in FIG 9- 

FIG.,5feape,5pe<««topvlewolacomlucll«ewlrtn9p«temusedinth.dls<*a,gel.rv 

Fie. 1 7 is . graph illuaming a Walton be»»an the inductance and the generated vcitage of a aeconda^, winding 
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of a transformer used in the discharge lamp apparatus; 

FIG. 18 is a waveform diagram illustrating a lamp current and a voltage in the discharge lamp apparatus; 
FIG. 19 is a waveform diagram illustrating the lamp cun-ent and the voltage in relation to on/off state of MOS tran- 
sistors used in the discharge lamp apparatus; 
5 FIG. 20 is an electric wiring diagram illustrating a path of the lamp current when the MOS transistors are turned off 

in the discharge lamp apparatus; 

FIG. 21 is a waveform diagram illustrating the lamp current when the lamp is lighted stably in the discharge lamp 
apparatus; 

FIG. 22 is a graph illustrating the relation between L2xCl and f that is necessary to suppress the ripple current ip. 

10 p to a value of 1 0 mA or smaller when the lamp is lighted stably in the discharge lamp apparatus; 

FIG- 23 is an electrical wiring diagram illustrating a circuit structure of a lamp power control circuit used in a dis- 
charge lamp apparatus according to a fifth embodiment of the present invention; 
FIG. 24 is a graph illustrating the relation between a temperature and a current i4; 
FIG. 25 is a graph illustrating the relation between a temperature and a lamp power; 

15 FIG. 26 is a graph illustrating an apparatus temperature change with time when a power reduction circuit is and is 

not provided; 

FIG. 27 is an electrical wiring diagram illustrating a PWM control circuit used in the discharge lamp apparatus 
shown in FIG. 23; 

FIG. 28 is a graph illustrating the relation between a generated voltage of a transformer and a duty ratio; 
. 20 FIG. 29 is an electrical wiring diagram illustrating a circuit structure of a discharge lamp apparatus according to a 

sixth embodiment of the present invention; 

FIG. 30 is an electrical wiring diagram illustrating a detailed circuit structure of an inverter circuit used in the dis- 
charge lamp apparatus shown in FIG. 29; 

FIG. 31 is an electrical wiring diagram illustrating a circuit structure of an inverter circuit used in a discharge lamp 
25 apparatus according to a seventh embodiment of the present invention; . 

FIG. 32 is an electrical wiring diagram illustrating a circuit structure of a discharge lamp apparatus according^oran 
eighth embodiment of the present invention; 

FIG. 33 is a block diagram illustrating a control circuit used in the discharge lamp apparatus shown in FIG. 32. 
FIG. 34 is an electric wiring diagram illustrating a detail of a PWM control circuit shown in FIG. 33; 
30 FIG. 35 is an electric wiring diagram illustrating a detail of a fail-safe circuit shown in FIG. 33; 

FIG. 36 is a timing diagram illustrating signal waveforms of various portions of the fail-safe circuit shown in FIG. 35 

in the grounded state; 

FIG. 37 is an electrical wiring diagram illustrating a structure of a high voltage generation circuit shown in FIG. 33; 
and 

35 FIGS. 38A and 38B are timing diagrams illustrating output signal waveforms generated during operation of the 
eighth embodiment and a conventional apparatus, respectively. 

[0010] The present invention will be described in detail with reference to various embodiments in which the same 
or like parts are designated with the same or like reference numerals. 



(First Embodiment) 



[0011] Referring first to FIG. 1, a discharge lamp apparatus for vehicles (a discharge lamp apparatus) 2000 is con- 
nected to an on-vehicle battery 1. The battery 1 is a direct current (DC) power source which supplies an electric power 

45 to a lamp 2 used as a vehicle headlight when a lighting switch SW is turned on. The discharge lamp apparatus 2000 is 
provided with the circuit function units such as a filter circuit 3. a DC-DC converter 4 used as a DC power circuit, a light- 
ing assist circuit 5, an inverter circuit 6, and a starter circuit (high voltage pulse generation circuit) 7. 
[0012] The filter circuit 3 comprises an inductor 31 and a capacitor 32. and removes electromagnetic noise gener- 
ated by the DC-DC converter 4. 

50 [0013] The DC-DC converter 4 comprises a flyback transformer 41 having a primary winding 41 a provided on the 
battery side and a secondary winding 41b provided on the lamp side. MOS transistor 42 used as a switching element 
connected to the primary winding 41 a. a rectifier diode 43 connected to the secondary winding 41 b. and a capacitor 44 
and a capacitor 45 for smoothing the output. The DC-DC converter 4 supplies a boosted voltage generated by boosting 
the battery voltage VB. When the MOS transistor 42 is turned on. a primary current flows through the primary winding 

55 41a and energy is stored in the primary winding 41a. On the other hand, when the MOS transistor 42 is turned off, the 
energy of the primary winding 41a is released by way of the secondary winding 41b. By repeating such operation, a 
high voltage is generated from the connection point between the diode 43 and the smoothing capacitor 44. 
[0014] The lighting assist circuit 5 comprises a capacitor 51 and a resistor 52. The capacitor 51 is charged to the 
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vided to form the H-type bridge The bridae drSn Hrt L J semiconductor switching elements pro- 

nected in series as a set and the MOS t^nslZs Zl TJlT. 61 a and 61 d con- 

the control signal supplied from terrrtnate S Id f nf I T . \ .^""^^^ed .n series as a set alternately in response to 
' rent of the lamp 2 Is ^rtcheZtternS the t^^^^^^ TT ^ °f ^'^'^^arge cur- 

so that the lamp 2 is AC-lighted " ^ ^P^'"'' """"^^ (discharge voltage) of the lamp 2 is inverted 

Se e^t:ort:raTof ^ Se" ^ ThTs^^eTSr ' ^"^^ - - 

(starter transformer) 71 having the prima^ windrnrrTa L ™ ' '""^^^ 9"""^^*'°" transformer 

a capacitor 75, and a thyristor 76 that is a urcSreSionalTll "'"rf ^ r""""^ ^"'^ ^ ''^^'^O'- ^4. 

voltage genemtion transfom^er 71 rnne^nnh^caolit^^^^^^^^^^ hT' ^'""^ "'"''"^ 71a of the high 
between the H-type bridge circuit 61 and thelfr^n ^ The iZ ? . ' ''^ ^^"""^"^ ^'"^'"9 ^^'^ ^''^P°^^^ 
H-bridge circuit 6. '^"'P ^ connected to the middle potential point X of the 

fhe^^lrol «?cotrrthT^^^^^ '^T ^ "^^^^"^ °^the lamp 2 is started. In detail. 

MOS transistor set 61 a and 61 d afd the TSs 'f^ '^^^ ^" -^--^ SW is turned on. the 

75 is Charged when the MOS transistor se^e^b and eSl tl h 1 on/off-driven. At this time, the capacitor 
set 61b and 61 c is turned off. ° °"' ^""^ when the MOS transistor 

Sth:;rimaTrdin^7^^^^^^^^ 

the secondary wiriding 71 b of the high voSe Zn JSZn J^n I] 9"""^'" ^"^^ ^'9'^ P"^e on 

2 so that dielectric breakdown occu j betl^een th^eSode^ T'^''^' ^PP"^'^ t° '-'"P 

[0019] The control circuft 1 0 may bZnsl JSeTsfr^^^lTJ^^^^^ "^''"^ °' '^"^P ^ started 

tion No. 09/304.840 filed on May 5. 1 999) ^^e d^ ctluTe o l^^^^^^ 0955793A2 (U.S. patent applica- 

MOS transistor 42, the bridge circuite S and 63 Lnl fh -s incorporated herein by reference. It controls the 

age of the DC-DC convertef4 t^tTs a voftaSaooli^^^^^^^^^^^ !' '^'^^^'^ ^° ^"PP'*^'^ ^''^ « '^-^P ^olt- 

.L that flows from the inverter clS o ttTega't^^^^ ^ ^ a current 

voyage of the current detection resistor 8 applled^r^ugt^t'^^inal D ^ ' "■ ^ ^ 

S is Pr^^d J^mTei^g^i^^^^^^^^^ ITJlZZT. TT'"'. '"^^^^^ 

replacement work of the battery 1 ''^^''"'^ ^ connected inversely in 

control circuit for controlling the lamp power ST desired biTo''Th ^J^'^ ""'^^^ ^ '^"^P P°-«^ 

SH.ty;::c= 

74 are integrated into a piece as a hybrid integrated cfrcuTrf^S^oon nif' ? ^"^ •"^^'"^^'^ ^' and 

formers 41 and 71 , capacitors 32, Z. 45 51 a^d 75 and hJ2tl?7« '=°'"P°"^"t P^^^ «"ch as trans- 

[0023] Therefore, by connecting term nisTito^2r^^^^^^^^^^ separately from the HIC 1000. 

24a and 24b (FIG. 2 and FIG. 7), the a3e Lir^uft Sru^ure iffor^L T "'"'^"'"'"'^ 

FIG. 1 is formed. structure is fomied. Thereby, the circuit functional section shown in 

She 0^0, 2T:^is:o^:::z^irz r ^-^''"^ *° ^^-^ ^■ 

batten, voltage VB by means of ihrfJSck trans^^^^^ P^°^"-d from the 

control Circuit on/off-switches the MGrtSsSto^ ^a to 6 d in t?! m 1™'" ^.^,^^-00 converter 4. The H-type bridge 
relation. Thereby, the voltage supplied fmm the DC nc In ' 1^^^^ ""^"'^ ^'^^'■"^t^'y t^e diagonal 

7bywayofthe H-type bridge cir^'uit61.r;;^^^^^^^^ 

SeidL^^"ii:i;r;°:^t^^^ 

the capacrtor 75 discharges andTe higj voSgtSe s ap^^^^^ to the ' ""'T ''^'^^^ 

between the electrodes of the lamp 2 to light the ? ^ ^ ^ ^^'^'^^''''^ breakdown occurs 

[0026] Then, the H-type bridge circu. 61 switches the polarity (direction of the discharge current) of the discharge 
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voltage applied to the lamp 2 to thereby AC-light the lamp 2. The control circuit 10 controls the lamp power to be kept 
at a predetermined value based to the lamp current IL and the lamp voltage VL. Thereby, the lamp 2 is lighted stably. 
[0027] The assembly structure of the discharge lamp apparatus 2000 shown in FIG. 1 is shown in FIGs. 2. 3A and 

3B 

[00281 As shown in FIG. 2. various component parts that constitute the circuit functional section shown in FIG. 1 
are contained in an approximately box-like metal case 20 having one open end. The HiC 1000 Is disposed at the central 
position on the bottom of the metal case 20. and fixed with adhesive or the like. Because the HIC 1 000 is adhered to 
the bottom of the metal case 20. the heat generated in the HIC 1 000 is released to the metal case 20. The heat release 
allows the semiconductor power elements to be mounted on the HIC 1 000. Therefore, the circuit functional section can 
be made in the form of IC. and the circuit functional section can be miniaturized, and further the area of the board on 
which the circuit functional section is mounted is reduced. 

[0029] A resin case 21 is provided on the HIC 1 000. In this resin case 21 , parts that are not in the fonn of IC as the 
HIC 1000 are contained. An opening is formed at a predetermined position on the HIC 1 000 of the resin case 21 so that 
the parts that are not in the form of IC are to be connected to various circuits incorporated in the HIC 1 000. The parts 
that are not in the form of IC are connected electrically to various circuits incorporated in the HIC 1000 by way of the 
terminals 24a and 24b (FIG. 7) that are formed as conductive wiring pattern. 

[0030] The capacitor 45, inductor 31 . and transfomner 41 are disposed on the right side in Fig. 2 with respect to the 
HIC 1000 The capacitor 45 is interposed between the inductor 31 and the transformer 41 . Because of the interposition 
of the capacitor 45, the inductor 31 can be placed apart from the transfomner 41 so that leakage magnetic fluxes gen- 
erated from these components do not interfere each other, and thus the magnetic noise due to magnetic interfere is pre- 
vented. . . X l_ X • U 

[0031] The capacitor 45. the inductor 31 , and the transformer 41 are disposed at the outside of the outer penphery 
of the HIC 1 000 so as not to overlap or exist on the HIC 1 000. As a result, the thickness T of the discharge lamp appa- 
ratus 2000 can be reduced. 

25 [0032] The detailed structure of the transformer 41 is shown in FIGS. 4A. 4B and 4C which are a front view, toRvyiew 
and a left side view of the transfonner 41 . respectively. The transformer 41 has the structure in which the primary.wind- 
ing 41 a and the secondary winding 41 b are wound on a ring-shaped toroidal core 41 c, and the windings 41 a and 41 b 
and core 41c are fixed to a resin base 41 d in the form of one piece. The thickness of the resin base 41 d is very thin, 
and the thickness of the transformer 41 is approximately equal to the total thickness of the core 41 and the windings 

30 41a and 41b. ^ . ^ u 

[0033] If there is no resin base 41 . the shape of the transformer 41 has ups and downs due to the exposed surface 
of the windings 41 a and 41 b and brings about difficulty in fixing to the resin case 21 . However, because the windings 
41 a and 41 b and the core 41 c are fixed on the resin base 41 d, these components can be fixed to the resin case 21 eas- 
ily and further the resin base 41 d prevents the windings 41a and 41b from being in direct contact with the metal case 

35 20 and a cover 22 to ensure electrical insulation. The resin base 41 d is effective to thin the discharge lamp apparatus 
2000. 

[0034] The right half of the resin base 41 d is approximately circular the left half is approximately quadrangular as 
shown in FIG. 4A. Terminals of the windings 41 a and 41 b are led from the end face of the quadrangular side. The por- 
tion of the resin case 21 where the transformer 41 is to be placed is formed in arc-shape partially, and the circular por- 
10 tion of the resin base 41 d is fitted in the arc-shaped portion. Transformer 41 is placed in the resin case 21 together with 
the resin base 41 d to thereby locate the transformer 41 at the connect position easily, and the terminals of the windings 
41a and 41b are positioned above the HIC 1000. 

[0035] The inductor 31 is provided with a resin base having the same structure as that of the transfomner 41 . The 
space of the resin case 21 for containing the inductor 31 has the same structure as that of the space for containing the 
45 transformer 41 . Therefore, the inductor 31 can also be placed at the correct position easily. 

[0036] The saturation magnetic flux density of the core 41c of the transfomner 41 is 8000 gauss at 1000 *>C. 
Because of 8000 gauss, an excessive current detection mechanism (excessive current detection resistor), that has 
been provided conventionally, is not provided in the discharge lamp apparatus 2000. 

[0037] FIG. 5 shows a cuirent rising waveform obtained when the transformer 41 having such structure is used. As 
shown in FIG. 5. the rising curve of current changes with increasing the current because the inductance decreases with 
increasing the current (current superimposing characteristic is poor), and the core 41 c is not saturated. Thus, as evident 
from the comparison in FIG. 5, there is no sharp current increase due to saturation of the core 41c. In an experiment, 
it was confirmed that excessive current due to saturation of the core 41c does not occur as long as the saturation mag- 
netic flux of the core 41 c is larger than 6000 gauss at 1 000 °C. 

[0038] Because the saturation magnetic flux density of the core 41c is larger than 6000 gauss at 1000 °C m the 
present embodiment, the excessive cun-ent of the core 41c due to saturation is prevented. Therefore, an excessive cur- 
rent protection mechanism can be eliminated, and the discharge lamp apparatus 2000 can be miniaturized more. 
[0039] On the other hand, as shown in FIG. 2. the high voltage generation transformer 71 is disposed on the left 
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in the same manner as descriL aLve Belause^c^^^ °' '""^P "PP^'^'"^ 2000 is reduced 

transformer 41 and the inductor 31 and the trrslrml^4^^^ between the 

5 the metal case 20. The leakage magnetic fLSs qe^^^^ ™mTh w '"'"'^^"^ ^^^"^ 

not interfere each other, and the effect Sat he maanernnl^^^^ '""^^ transformers 41 and 71 do 

confirmed that the aboJe effect's pToJided ^s lono as 1 dil^^ ^""""^"^ ^ 

of the transformer 71 is larger thanTo r^m and the d .1^ ^ . '"^ ^''^ '"'^"'^'"^^l and the core 

Of the transformer 71 is larger than lo L bared o '^^^^^^^ and the core 

. em.odiment.he d.tance is^ao mm for^. 

case 20 is provided wrth termini 27a and ^MRG 7^^^J7TTl ^ ^"""""'^^ P^"^'^^*^ °" ^^t-' 
1 (FIG. 1 ). ^ «'"sW"ted wrth the terminal 24b. and connected to the battery 

" ralLe 20 i™;^ — r ° ^-"^ — . the opening of the 

screws closing the cover 22. ' '"^ ^ ^''^'^ '° '"^t^' 20 with fixing means such as 

^ 1 000. the magnetic circuit eiemenra^^oc j^d apart ^r^^^^^^ Tn^^"^ °' P^^P^^^^^ °' '^e HIC 

arithmetic ci«:urt is formed. Therefo^ the adverse eSlfof^ht! I °° °" '^'^'^"'t 10 used as an 

cult elements on the arithmetic ci^'ft can leeZn^tel '^'^ '"^S"^*- 

[0043] Furthermore, as described above the HIC 1000 k lorateH e^,^ *♦ 

ments and thereby make the discharge lamp Zl^Sul^ x^T^fr.T fT k T'^^ °" "^^^"^^'^ 
ratus 2000 is detemiined by the thickness of t^t^fn^rZ 4 a d tS^^^^^^^^^ '""'"^^ '^"P "PP^' 

arrangement in which the HIC 1 000 overlans on tho mr^.I? . , transformer 71 . However, in the case of .the . 
Of the HIC 1000. the disoha ge iZ a^ra^u^^^^^^^^^ TT' t^'^^Xness increases by the thickness 

fomie,s 41 and 71 . In detail. becaTs^trco e 4?rof the ^a^^^^^^^ '° ^^'""^"^^^ 
fomier 41 is equal to the total value of thrthUneS of ^ .t^^^ 1^ ^^P^' °t the trans- 

the case of the lamp 2 of a 35W bufb the thickneT^S!^^ Sicht n^", °' ^'"^'"^^ ^ 41 b. in 

imately 25 mm or thinner. thickness T of the discharge lamp apparatus 2000 can be reduced to approx- 

Srouter'Tnt^ercom^^^^^^^^^^ SZ^ZTH '^Sn " " *° '^'^^ '-'^^ 

discharge lamp apparatus 2000 Vmarth n^nd tLTter^^^^ cc or smaller. Because the thickness T of the 

apparatus 2000 can be made 500 g or l^hter " '"^"'^ °^ ^^^^ '^'^'='^^'96 lamp 

Srfor sh^Sn^r^rTa—ofTe^p?^^^ ^eX^r :rth;=""^ r '^'^^"^^ ~ 
described with reference to FIG 7 Assemoiing work of the discharge lamp apparatus 2000 will be 

transformer 71). The parts that a^e not iTre f3nf ,r ' '=^P^^t°'"« ^2. 44, 45, 51, and 75, thyristor 76. and 

derlng. For example, the high J^getZal 71 c (FIG 2^0?^^'^° ''""'""'^ ^'"^ ^^"^ ''^ - 
minal 24b. ^ 71 c (FIG. 2) of the transfomier 71 is connected to the one end of the ter- 

[sS with'^ad^eL'^nTh'^re^'i??; T"" ^^^^ oase 20 

irLith^r:n?gi,rshr^i:?,r2r^^^^^^^ r -'^^ 

24b is connected to the terminal of the high votet sWe tead !^re wl "'T''- 

metal case 20 is covered by the cover 22 to cSthP m^Ll 1 ^ ! °' soldering. Finally, the opening of the 
pleted. ^ ^ '° ''^^ 20. and thus the discharge lamp apparatus is com- 

in FIgI ^CJoSngTo'ordtThfveh^ ^^^"^^ ^ '""""^^^ ^ -'^''^'^ ^-dlight as 

the frontside of the vehble. a iamrchSg coJ^^^^^^^^ ^o-" transmitting the light of the lamp 2 to 

501_^^ 
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apparatus 2000 is fixed on the bottom of the lamp housing 500 with the cover 22 directed downward. In detail, the dis- 
charge lamp apparatus 2000 is disposed so that the bottom of the meal case 20 on which the HIC 2000 is disposed is 
disposed upward, and the opening of the metal case 20 (connecting portion between the metal case 20 and the cover 
22) is disposed downward. 

[0051] By disposing the discharge lamp apparatus 2000 in the water-proof lamp fitting chamber as described 
above it is possible to prevent water from entering into the discharge lamp apparatus 2000 even though the discharge 
lamp apparatus 2000 has no water-proof structure. Even if water enters into the lamp fitting chamber, water ts prevented 
from entering into the metal case 20 because the opening of the metal case 20 is disposed downward. 
[0052] Meanwhile, the lead wire 504 connected to the connector 20a of the discharge lamp apparatus 2000 is led 
0 to the outside of the lamp fitting chamber through a hole formed on the cover 502, and connected to the ignition switch 
SW (FIG. 1) by way of the connector 504a provided on the end of the lead wire 504. 

(Second Embodiment) 

15 [0053] In a second embodiment, a gate circuit 1 1 is provided separately from the control circuit 1 0 as shown in FIG. 
9 More specifically, the gate of the thyristor 76 is connected to a terminal 401 of the gate circuit 11 . The gate circuit 1 1 
is connected to the control circuit 10 at a terminal 402. The gate signal of the thyristor 76 is generated based on the 
signal supplied from the control circuit 1 0 transmitted from by way of the terminal 402. The gate circuit 1 1 is grounded 

at a terminal 403. . 

?o [0054] FIG. 1 0 shows the detail of the structured of the gate circuit 11 . The gate control IC 41 6 supplies gate signals 
having different level each other to transistors 41 0 and 41 1 . At that time, for example, if the transistor 41 0 is turned on, 
the transistor 41 1 is turned off. When the thyristor 76 is to be turned on. the gate control IC 416 operates so that the 
transistor 41 0 is on and the transistor 41 1 is off. Therefore, the potential level of the terminal 401 is that divided by a 
resistor 41 3 and a resistor 404 as the current supply source of the terminal 41 7 connected to a constant power source 

25 (not shown). Thereby, the high level signal (gate current) is supplied to the gate of the thyristor 76. and the thyristor 76 
is turned on. A capacitor 415 eliminates high frequency noise generated from the parasitic capacitance of the transistor 
41 1 to thereby prevent the thyristor 76 from being turned on because of the high frequency noise. 
[0055] In this modification, the terminal 12m is electrically connected to a conductive wiring pattern 1000b to 
ground-connect the gate circuit 1 1 at a point R by way of the wiring pattern disposed in the HIC 1000. 

30 [0056] In detail, the wiring pattern 1 000b led from the ground terminal 403 of the gate circuit 1 1 is connected to the 
ground by way of the MOS transistor 9, the wiring pattern that extends to the temriinal 1 2m is connected at the point C 
located between the ground terminal 403 and the MOS transistor 9. 

[0057] Because the cathode terminal of the thyristor 76 is connected to the wiring pattern 1000b led from the 
ground terminal 403 of the gate circuit 1 1 where a current little flows, the potential of the cathode terminal of the thyristor 

35 76 is equalized to the potential of the ground terminal 403 of the gate circuit 1 1 . 

[0058] In the case of the pattern of the tenninal 24 shown in FIG. 1 1 , the terminal 1 2m to which the cathode termi- 
nal of the thyristor 76 is connected is separated from the terminal 1 2c to which the negative electrode side of the capac- 
itor 45. The terminal 12c is electrically connected to the terminal 12m by way of the wiring patterns 1000a to 1000c in 
the HIC 1000 (not shown in FIG. 12) disposed under the terminal 24 (FIG. 9 and FIG. 12). 

io [0059] In the above structure, because the potential of the terminal 403 of the gate circuit is the same as that of the 
cathode terminal of the thyristor 76. the malfunction, that is, the thyristor 76 is brought into conduction accidentally 
though the gate circuit 1 1 of the thyristor 76 does not generate the gate signal when the lamp 2 is lighted, is prevented. 
Accordingly, the lamp 2 is lighted surely. 

[0060] When the switch SW is turned on, the DC-DC converter 4 starts the operation, the MOS transistor 9 is 
45 switched, the capacitor 45 is brought into charging/discharging in response to the switching, the charging/discharging 
current causes a potential difference between a point P and a point Q. but because the cathode terminal of the thyristor 
76 is connected to the point R and the terminal 403 that is provided as the reference potential of the gate circuit 1 1 is 
also connected to the point R. the potential difference between the points P and Q does not affect at all. 
[0061] There are other portions to be grounded in the HIC 1000. for example, between the terminal 12c and the 
50 point Q it is possible to connect the wiring pattern 1 000c to be connected to the cathode terminal of the thyristor 76. 
However, because the portion between the terminal 12c and the point Q is provided as the path for heavy current that 
flows by way of the primary winding 41 a of the transformer 41 . the MOS transistor 42. and the capacitor 45 and the por- 
tion is susceptive to the high frequency noise included in the heavy current, it is preferable to employ the structure 
described above. 

55 [0062] In the above HIC 1000. although all the components are mounted on a single substrate, this structure may 
be modified as shown in FIGs. 13A and 13B. 

[0063] In FIG. 13A, the MOS transistor 43 serving as a switching element is power-blocked and located not on the 
circuit board. Herein. 42a denotes a silicon chip. 42b denotes an aluminum nitride (AIN) substrate, and 42c denotes an 
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adhered to the metal case%2 1^3^^^ ''^^ ^"bstrate. and the aluminum nitride substrate 42b is 

sive. The source electrode and tSe g te e S^^^^^^ TnTeluT^u^ T T'^' ^^^^ ^'^^ 

is formed are connected by means of ultt^sSond Inq S alul^^^ J' °" '''''' ""^^ transistor 42 

pad of the alumina substrate 1 000a by means of ras^c bin n th"^'"' '^''^'^^'^^^^ bonding 

bonding pad disposed aside the chip and the bondin J oad on th. « ? • b«*«««" tf'e 

ing with aluminum wire. ^ P^'^ °" ^'""^'"^ substrate 1 00a by means of ultrasonic bond- 

are the same as those shown in FIG. 13A. ^ "^o'ybdenum. Other characters 



(Third Embodiment) 



25 



30 



t«n>in.ls 27. ana 27b only by »ay oftte K,„|„.T?4 Utr^i , .Jl ' ™° c.l>ac»or32 is oonn.cKd to Ih. 

necllon protaoeng MOS translslo, 9 ^ ' °' ™ 1= !» »ay 01 the Inverse con. 

nls 27a, 27b. and 27c can be minimized ™' """««ln9 «>e «wacltor 32 to »«, termi. 

m?aL7brd2^ro?rr™r'%rrrt^i"^^^ 

to the temiinal 27b Is very short ' ""^ 'll' 's™inel of the capacitor 32 

E^t rLr„r/hir«er::iTi:^^^^^^^^ 

transformer 41 due to current change inten^ittem fn res?onsrr-> ^ ^ °' ""^'^'^ ^ ^"'^ 

DC-DC converter 4 is reduced. •"«r"i'«ent in response to switching operation of the MOS transistor 42 of the 

Stedf~ur:sXftr^^^^^^^ 

when the lamp is lighted and from the transformer ^^ can be r^m^' w T ^ transistor 43 

experiment, it was found that the conduction nore leJelo?tSe Z '^^^ «'ter ci^^uit 2. Based on the 

« ro"o73r 'TT ^"'^ ^^"^ by X'lI^eTy 'sO dB """^ '^^'^^ "^^-n the battery 1 

Seprt;,rc:™^^^ 

50 (Fourth Embodiment) 

cr;Lon:^;rfirs7^^^^^^^^^^ 

ss fSe su^ rtaTcLrd lU^^e^Sea^^^^^^^^ T 'V^ ^^'^^^ ^'-^ - 

applied when lighting is started breakdown occurs m the lamp 2 by means of the high voltage pulse 

Sectro^e^r^rri^^^^^^^^ 

ry 1. I ne starter circuit 7 has a diode 73 connected in parallel with the thyristor 71. 
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[0077] To function as the vehicle high voltage discharge lamp apparatus, it is required that the generation of the 
high voltage pulse generated when lighting of the lamp 2 is started, the lighting failure perfornnance of the lamp 2. and 
the ripple current of the lamp current are maintained in good condition these points will be described hereinunder. 

5 [Generation of high voltage pulse when lighting the lamp 2 is started] 

[0078] The capacitor 75 discharges by way of the primary winding 71 a of the high voltage generation transformer 
71 when the thyristor 76 is turned on, in the state that the capacitor 75 is charged, at that time the secondary winding 
71b generates a high voltage pulse. The high voltage generated at that time is determined by: 
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(a) charging voltage of the capacitor 75 

(b) capacitance of the capacitor 75 

(c) turn ratio of the number of winding 71 a to 71 b of the high voltage generation transformer 71 , and 

(d) the magnetic circuit (inductance of the winding 71 a and 71 b) of the high voltage generation transformer 71 . 



[0079] The charging voltage of the capacitor 75 means a voltage that is applied to the lamp 2 before the lamp 2 is 
lighted. This voltage magnitude is necessary to shift to arc discharge up on dielectric breakdown between electrodes of 
the lamp 2, and a voltage of 350 V or higher is required for an vehicle 35W bulb. The higher withstand voltage of the 
involved elements such as the smoothing capacitor 44 and the elements that constitute the H-bridge circuit 61 , and the 
20 high charging voltage is disadvantageous in cost. Therefore, the charging voltage of the capacitor 75 is preferably 350 
V to 400, more preferably 400 V. 

[0080] When the dielectric breakdown occurs between the electrodes of the lamp 2. the discharge current flows 
from the smoothing capacitor 44 to the lamp 2 by way of the H-bridge circuit 61 . and the dielectric breakdown shifts to 
arc discharge and the lamp 2 is lighted. In this operation, to flow the discharge current from the smoothing capacitor 44 
25 to the lamp 2, it is required that discharge energy higher than a predetermined value is given from the high voltage,gen- 
eration transformer 71 to the lamp 2 when the dielectric breakdown occurs between the electrodes. The required 
energy is detennined by the capacitance C75 of the capacitor 75, the charging voltage V of the capacitor 75, and the 
conversion efficiency ri of the high voltage generation transformer 71 as defined in the following equation 1 . and in the 
case of the charging voltage of 400 V. the capacitance of the capacitor 75 of approximately 0.47 ^iF is required. 

^ E1=(^)C75V^xn [Equation 1] 

[0081] Next, the turn ratio of winding 71 a to 71b of the high voltage generation transfonner 71 and the magnetic 
circuit (inductance of the windings 71a and 71b) of the high voltage generation transformer 71 will be described. 
35 [0082] The voltage required for dielectric breakdown of the lamp 2 is 1 7 kV or higher as the peak value in the case 
of dV/dt (voltage change per unit time) of the high voltage pulse of 50V/nS based on the result of an experiment on the 
lamp 2 (35W bulb). The turn ratio of winding 71a to 71b and the magnetic circuit (inductance of the windings 71a and 
71b) required to generate a voltage of 1 7 kV or higher between both ends of the secondary windings 71b of the high 
voltage generation transformer 71 were determined experimentally for the charging voltage of 400 V of the capacitor 
to 75. The experiment was carried out on two magnetic circuits, that is, open magnetic circuit and closed magnetic circuit. 
The optimal turn ratio was approximately 80 for both circuits. 

[0083] In this case, the peak value of the high voltage pulse is affected by mounting position of the high voltage gen- 
eration transformer 71 in the discharge lamp apparatus. In detail, the leakage magnetic flux of the high voltage gener- 
ation transformer 71 that is contained in the metal case crosses with the metal case, and the peak value of the high 
45 voltage pulse is thereby decreased. Therefore, the closed magnetic circuit structure is preferably used to reduce the 
leakage magnetic flux and prevent the performance reduction. 

[0084] An experimental result is shown in FIG. 17. The experiment was carried to check the relation between the 
inductance and the generated voltage of the high voltage pulse of the secondary windings 71b, and carried- out with 
respect to the case in which the high voltage generation transformer 71 has the closed magnetic circuit structure, the 

50 turn ratio of windings 71 a to 71 b is fixed to 80. and the inductance L2 of the secondary winding 71 b is varied. 

[0085] From this result, it is found that the inductance L2 of the secondary winding 71b should be 2.5 mH or higher 
to generate a voltage higher than 1 7 kV between both ends of the secondary winding 71 b of the high voltage generation 
transformer 71 . The inductance l_2 of the secondary winding 71 b of 2.5 mH or higher allows the windings 71 a and 71 b 
to couple effectively. The coupling coefficient of approximately 1 can be obtained, and a high voltage of 17 kV or higher 

55 can be generated with the charging voltage of 350 V to 400 V of the capacitor 75. 

[0086] In this experiment, the inductance L2 of the secondary winding 71 b is a value obtained at DC superimposi- 
tion of 1.5 A. The reason is that the inductance L2 at the DC superimposition of 1 .5 A is required to prevent lighting fail- 
ure of the lamp 2 as described hereinafter. 
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[Lighting failure preventing performance of the lamp 2 at the DC superimposition of 1 .5 A] 

.amp . . ...he. an. the t.nsiL .0^:^:^^^^^ 
Si 1°^^'^*'°" °* '"^ ^°'*"9^ generation will be described first 

Slant voltage Vp is generated every time when the lecSon j ti^P^Jl ^ «• tran- 

[0090] The enlarged waveform of the vora^ o^tSer^^^^^^^ 27"' ' " ^^^'""^ 
is switched and on/off state of the MOS transistL 6 a to Td a. 3^ '''' P^'^"-'^ 

MOS transistors 61 a and 61 d are off and the MOS transistors 61 b and fii . L '^""^ ' '"^^'^ ^^e 

state is switched to polarity switching operation fi^The Mo3 tlnTJ IT ^""^ ''^ '^""P ^ "S'^*^'^- ^hen this 
time T. the MOS transistors 61a and 61d 21 turnid on W T ^ w ! ' ^""^ ^" ^'^P^e of 

MOS transistor are off. The dead tim^T is setTsu Jv . " °' "'"«««''°nds in which all the 

61 b or the MOS transistors 61c anTei I ^ ^''^ '^^^^^ 

resented by the equation 2 based on the lamp cur^^nth ^"^^9^ ^2 rep- 

E2={5)L2xi|2 _ ^. 

2 [Equation 2] 

[0092] When the MOS transistors 61b and 61c are turn*.rt off th^ 

released and a current flows along the path H showrrn FIG po i^^^^^^^^^^ ^^^^"'^^^ """'^'"S 71b Is 

the parasitic diode of the MOS transistor 61a the capacitofsi ^hl^^^^^^^^^ « '""^'"'^ '^^"S^ '^"^P 2. 
sistor 61 d. At that time, the smoothing capacitor 4rircf^^^^^^^^^^ 

in this state, the energy is released through the Liiroath and 1 , t'^^^'^to^s 61a and 61d are turned on. 

in the secondary winding 71 b is released enfirer^ ^"^'^ "^""""^^ ^"^--Sy ^^^^^^^ 

iSlngcTarrrSer^^^^^^^^^ 

trades Of the lamp 2. If the voltage Vp is hTqh^r than i2f 7 ' ^PP««^ ''^t^'^en the elec- 

vated. a current flows Inversely and reaches a s^^^^^^ currln^i? k^^' °' '^'"P 2' ^'^^^ '«"^P ^ is reacti- 
the reactivation voltage of thelamp ""en thefar^p 2 canlte reSl^ T'?""'' ' ^P '^-^ 

lamp 2 Is involved in lighting failure The liqht na S« i, =nt reac^vated and the lamp 2 is lighted off. that is. the 
case that the electrode temperaturels^ofi'n^Sg is'to beSaTd Th ' '""P ^ 

[0094] in the case of the lamp 2 of 35 W the Swe? o the famn pT f '^^'^'^tion voltage of the lamp 2 is high, 
in a range from 1 .5 A to 2.5 A and the lamp volLge vi is a Ze Ir^^a ^^^^ f '° ?rf ' '""^ '^""""^ " ^ ^ 
started. If the voltage Vp is surelv hiaher than thTrJL r I , "^^ ^"'^ ^° *° S° ^ when lighting is to be 

2 is prevented. The'voltage Vp^ i J^^^^^^^^ "Siting failure of'the C 

is found that the vortage Vp of 120 V or htaheMs su^Sienlfl? iT. ^ '.T ' ^^-^-^ined experimentally, and it 
[0095] The voltage Vp is repr«sentedS?hr/n r 1 P'^^^"*'"9 "Siting failure of the lamp 2. 
Of the high voltage Ble^^o^^^Zl^TZ^l^l^^^^ ^ of the secondary winding 71b 

and the lamp voltage V1 . capacitance C1 of the smoothing capacitor 44, the lamp current i1 , 



VCI [Equations] 



50 



55 



[0096] B^sed on the equation, 3, C1 is calculatPHanHm n>io ir- . 

and V1=30 V. OthenA/ise CI is calculated and Ci^^^^^^^ ^^"^'"^^ ^^'^ ^P=^20 V, L2=2.5 mH, i1=i.5 A. 
V1=50 V ^^-^-^^ =^ ^^f" obtained for Vp=120 V, L2=2.5 mH. i1=1 .5 A, and 
[0097] Accordingly, to obtain the voltage Vd of 120 V nr hmh^r 

0.5 F or smaller is necessary. ^ °' capacitance CI of the smoothing capacitor of 



[Ripple current of the lamp cun-ent] 
[0098] 
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2 and the switching frequency f Hz of the MOS transistor 42 of the DC-DC converter 4. The current waveform i of the 
lamp 2 is shown in FIG. 22. ip.p indicates the ripple current value and t indicates the switching frequency (1/f) of the 
MOS transistor 42. 

[0100] In the case of the lamp 2 of 35W, the allowable ripple current under stable lighting of 1 0 mA or lower is rec- 
5 ommended. Therefore, it is necessary to reduce the ripple current ip.p of the lamp 2 to a value of 1 0 mA or smaller. The 
relation between C1xL2 and f for satisfying the relation ip.p was determined experimentally. The obtained result is 
shown in FIG. 22. Based on the experimental result, it is found that, for satisfying the relation ip.p=10 mA or smaller, the 
relation L2xCl ^ixlO'^f should be satisfied. That is, the relation indicated as the hatched area in FIG. 22 should 
be satisfied Herein, because the lamp current during stable lighting of the lamp 2 is about 0.4 A. the inductance L2 of 
10 the secondary winding 71 b of the high voltage generation transformer 71 is a value obtained when DC supenmposition 
is 0.4 A. 

[0101] Functions of the embodiment described above is summarized as follows. 
[0102] The high voltage generation transformer 71 has the following functions (1 ) to (3); 

15 (1) generating the high voltage pulse for causing dielectric breakdown between the electrodes of the lamp 2. 

(2) preventing the lighting failure by applying the transient voltage Vp to the lamp 2 when the polarity is switched 
after the lamp 2 is lighted, and 

(3) reducing the ripple current of the lamp cun-ent generated correspondingly to the switching frequency f of the 
MOS transistor 42 in the DC-DC converter 4 during lighting of the lamp 2. 

The smoothing capacitor 44 of the DC-DC converter 4 has the following functions; 

(4) preventing the lighting failure of the lamp 2 by applying the transient voltage to the lamp 2 when the polarity is 
switched after the lamp 2 is lighted, and 

(5) reducing the ripple current of the lamp current generated correspondingly to the switching frequency f of the 
MOS transistor 42 during lighting of the lamp 2. 



20 



25 



[0103] The inductance L2 (the value when DC supenmposition is 1 .5 A) of the secondary winding 71 b of the;high 
voltage generation transformer 71 should be 2. 5 mH or larger to obtain a desired value of the generation voltage of the 
high voltage pulse. In this case, the coupling of the windings 71 a and 71 b of the high voltage generation transformer 71 
is easy, and a high voltage of 1 7 kV or higher can be generated with the charging voltage of 350 V to 400 V of the capac- 
30 itor 75 

[0104] The high voltage generation transformer 71 and the smoothing capacitor 44 both relate to the lighting failure, 
and to prevent the lighting failure of the lamp 2 when the polarity is switched after the lamp 2 is lighted, the inductance 
L2 (the value when DC supenmposition is 1.5 A) of the secondary winding 71b of the high voltage generation. trans- 
former 71 should be 2.5 mH or larger and the capacitance CI of the smoothing capacitor 44 should be 0.5 mF or 

35 smaller. - t.- * ♦ ♦ 

[0105] The high voltage generation transfomner 71, the smoothing capacitor 44, and the switching frequency f of 
the MOS transistor 42 all relate to the reduction of the ripple current of the lamp current. The relation 
L2xGl^1xl0'Vf "'^® should be satisfied to suppress the ripple current ip.p to a value of 10 mA or smaller. 
[0106] The inductance L2 of the secondary winding 71 b is assumed to be a value for DC supenmposition of 1 .5 A 
* to and a value for DC imposition of 0.4 A. Those inductance values are defined in correspondence with the respective cur- 
' rent values, because the inductance changes correspondingly to the cun-ent that flows though the secondary winding 
71b. 
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(Fifth Embodiment) 



[0107] In a fifth embodiment, the discharge lamp apparatus is constructed in the same manner as in the fourth 
embodiment shown in FIG. 1 6. In this fifth embodiment, however, a lamp power control circuit 300 of the control circuit 
1 0 is constructed to have a power reduction circuit 600. The disclosure of the control circuit copending U.S. patent appli- 
cation No. 09/304.840 is incorporated herein by reference. 
50 [0108] The lamp power control circuit 300 is provided with an en-or amplifier circuit 301 for generating an output cor- 
responding to the lamp voltage VL and lamp current !L that are signals for indicating the lighting condition of the lamp 
2 and the output of the error amplifier circuit 301 is supplied to a pulse width modulation (PWM) control circuit 100. The 
PWM control circuit 100 increases the duty ratio tor on/off controlling the MOS transistor 42 with the increase in the out- 
put voltage of the error amplifier circuit 301 thereby to increases the lamp power. 
55 [0109] A reference voltage Vrl is supplied to the non-inversion input terminal of the error amplifier circuit 301 and 
a voltage V300 that series as the parameter for controlling the lamp power is supplied to the inversion input terminal, 
and the error amplifier circuit 301 generates the voltage con-esponding to the difference between the reference voltage 
Vr1 and the voltage V300. 



11 



BNSOOCIO: <EP 1067827A2J_> 



EP 1 067 827 A2 

[0110] 



rent i40 set by means of the power reduct on d Seoo thlt -^Lt ^ '^'^^"'^ ^O^' a cur 

current i1 0. the current i20, the cun-ent i30 and tSe ~ ^ ^««"9 The sur 

[0111] Herein, the fl.t current "n n.!:'^ '^^^^ lamp current ,L 
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sum of the 

[0111] Herein, the first current setting circuit SOpJictT " ^"'"^'^""y 'owerthan the lamp currei 
Shown in FIG. 23. and the second cSseSci^curso^^^^^^^^ "-''^ '^"P ^'^a^^^ as 

lighting switch SW is turned on as shown in rS 23 "° '^"^^^ ^ '°"9e^ after the 

[0112] The power reduction circuit 600 that Is the fn„rth .......... ... 

) zero when the 

; higher when the temperature of the ^aVr^iZZ''^ --h^-ciurs ana sets the current 140 larger 
smperature of the ^r>^rTJ ^P^'^'"' predetermined temperature c 

[0113] 



25 



30 



ter:,;iturJof tra;;;tutr .::rthan ^d T ^"^"'^ —t 140 to 

ature is higher whenThe Smpe^t: e of t"he ^aSuTrh rrnr '"'T' '^^^^^ ^ ^'^^ ^-P- 

to the temperature of the apparatus ^P^'atus .s h.gher than the predetermined temperature correspondingly 

f:j2ch sl-l^Z:ZZZ:X:^^^^^^^^^ - - ^me r e-apsmg after the Hght- 

to a large value (for example 75W) when the lamp 2 s «ahS?o "- *° ^""f^' lamp power, sets the lamp power 
power control circuit 300 then decreases t^t ^^p pZe?'^^^^^^^ *^"^P-^»-- ^-^^X-V- The >amp 

control the lamp power to a predetermined valueTrexample '35W I^^^^^^^^ 

Because the power reduction circuit 600 changes the cu^ent |40 f^IZ '^V'^^'"'^ of the lamp 2 is stabilized, 
lamp power control circuit 300 changes the magnVude of^ 1. nf ^k" '^"^^^'^'^'^ °f the apparatus, the 
[0114] As shown in FIG 23 the Dou^^r rlTJ. P^"*®' ^ 

(e.g., five) diodes 603 to 607 co^nectLT ^ri^^^^^^^^ -^'^^-^ and 602. a plurality of 

terminal Vr3 as a current supply source conne Jed to theTSr^nc^ '^''^ ^"^ ^^^'^9 a 

[0115] -The resistor 601 and a plurality ofTo^s 6^3 to 607 «r<f T^" ^""^^S^)" 

nal connected to a constant voltage source (not shown! Th. Z and connected to a Vcc termi- 

Vcc terminal is higher than the votege oJ^^f clstrioLrS.?'" °' ^"^^Se source connected to the 

example, 6V. ^ ""^ ^""^S^ source connected to the terminal Vr3. and is set to. for 

[0116] Base terminals of the PNPtransistnrcfsnftonri enrv 

transistor 608 is connected to the ccJlS te T^lna^ Th onnec^oTo^t^^ ^'^^ ^^P 

resistor 601 and the plurality of diodes 603 to 607 by lay of a rSSSrZ "° °f ^'^^ 

Ld t^e ^e:^:i:^:£::^::^^^^~jl^^es are temperature dependent elements, 
rate of -2 mV per one degree temperature incrSsT rhe Ifore Z n t f- T^'"" at the 

the five transistors 603 to 607 decreases -lo ZrcTz^^^^^ '''' ^"--'^ -o'tage of 

apparatus temperature is in an ordinary temperature (fot^I^nTJ^ ioJ l. '""^^^^ temperature. When the 
Of the five diodes 603 to 607 is approxrmatTvT7 V thTnot^tr f ''"^"""^ ^'^^ P^t^"^'^' Carrier of each 

as V (0.7 Vx5=3.5 V). The PotenL™coni;t^ v^^^^^^ ° IT ''iT '° approximately 

than the potential barrier of the plurality of diodes 6037607 '° V.^ is set to be a value lower 

Sr ter^aTre'^Tp ;™r^^^^ " ro;L^rr "Tr - « 

PNP transistor 608. Vc denotes the potential applied to ^e Sor 601 an^^^^^^ ''^'""'^ °' 

point between the resistor 601 and the pluralily Of diodes 603 to enr ' "° potential of the junction 

LeclL thrpl'niirSr oftrtL^^ ^ --P— wm be described. In th. case. 

V. On the other hand, because the potenttTva is "et ToTJ the PMP r'"' ^' P^*""*'^' approximately 3.5 
^ --hthereslstor602.Therefor^ocurrerf,r^^^^^^^^^^^ 

Peles^t^ratrTom^^^^^^^^^ of the «ve diodes 603 to 607 

temperature reaches a predetermined temperature. °" *^ia apparatus 

Va-Vbe = Vd 

[Equation 4] 

So, s?l"'"' -i-^on «.e b»e and ,he e™«er o, 

between ends of the .eelsto, 602 ana thT^sIan^el^LT^'.h , " "Itage dlftlno, 

t01«, no. « eh»» ..e ebat^tena.^ .e,«,on ^„ ^^^^ ^^^^^ ^ 
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in FIG. 24, the current i40 is zero in the region below the apparatus tennperature of 1 10 °C. but the current i40 begins 
to increase when the apparatus temperature exceeds 1 10 °C. 

[0124] Furthermore, FIG. 25 shows the lamp power characteristics that relates to the i40 characteristics shown in 
FIG. 24. As shown in FIG. 25. when the apparatus temperature exceeds 110 °C, the lamp power begins to decrease 
from 35W. and the lamp power reaches approximately 25W when the apparatus temperature reaches 150 ^C. 
[0125] ' By reducing the lamp power when the apparatus temperature exceeds a predetermined temperature, the 
excessive temperature rise of the discharge lamp apparatus and resultant breakdown of the apparatus itself are pre- 
vented even though the temperature of the discharge lamp apparatus increases due to the environment where the dis- 
charge lamp apparatus is mounted and the self-heating of the apparatus itself. Because the heat loss of the apparatus 
itself increases as the apparatus temperature is high, the self-heating of the discharge lamp apparatus due to the power 
loss increases in addition to in crease in the environmental temperature of the discharge lamp. 
[0126] However, because the lamp power is controlled so as to be reduced when the apparatus temperature 
exceeds the predetermined value, the power loss that causes the self-heating is reduced, and the apparatus tempera- 
ture increase is suppressed. As a result, the apparatus temperature is stabilized at the predetermined temperature 
15 beyond which the discharge lamp apparatus will be broken. 

[0127] For the reference, the experimental result obtained by measuring the apparatus temperature increase in the 
case that a discharge lamp apparatus having the power reduction circuit 600 is mounted on a vehicle and in the case 
that the discharge lamp apparatus having no power reduction circuit 600 is mounted is shown in FIG. 25. The experi- 
mental result was obtained by measuring the apparatus temperature of a vehicle in the state that a vehicle engine was 
20 operated under a burning sun in summer and the headlight is lighted for a long time. 

[0128] As obvious from the experimental result, in the case of the discharge lamp apparatus having no power 
reduction circuit 600, the apparatus temperature increases sharply from 140 °C. In this case, the discharge lamp appa- 
ratus was broken down when the apparatus temperature reached 170 ^'C. On the other hand, in the case of the dis- 
charge lamp apparatus according to this embodiment having the power reduction circuit 600, the apparatus 
25 temperature saturated at approximately 130°C. The discharge lamp apparatus was not broken.. 

[0129] Based on this experimental result, it is obvious that the discharge lamp apparatus temperature is prevented 
from increasing by incorporating the power reduction circuit 600 and the breakdown of the discharge lamp apparatus is 
prevented. 

[0130] Next, the PWM control circuit 1 00 will be described. As shown in FIG. 27, the PWM control circuit 1 00 com- 
30 prises a threshold level setting circuit 1 01 for setting a threshold value, a saw-tooth signal generation circuit 102 for gen- 
erating the saw-tooth signal, and a comparator 103 for comparing the saw-tooth signal with a threshold value and for 
generating and supplying the gate signal having duty ratio corresponding to the threshold value to the MOS transistor 
42. 

[0131] The threshold level setting circuit 1 01 is provided for setting the threshold level corresponding to the output 
35 voltage (command signal) supplied from the error amplifier circuit 301 . The threshold level setting circuit 1 01 is provided 
with a level inverting circuit 1 10 for setting the lower threshold level as the output voltage supplied from the error ampli- 
fier circuit 301 is higher, and a limit value setting circuit 1 20 for setting the upper limit value (limit value) of the duty ratio. 
[01 32] The level inverting circuit 1 1 0 comprises PNP transistors 1 1 1 and 1 1 2 that constitute a current mirror circuit, 
a NPN transistor 1 1 3 having a base terminal connected to the collector of the PNP transistor 1 1 2, and resistors 1 1 4 and 
•0 11 5. The output terminal of the en-or amplifier circuit 301 is connected to the collector terminal of the PNP transistor 1 1 1 
by way of the resistor 1 1 4, and the emitter terminal of the PNP transistors 1 1 1 and 1 1 2 is connected to the constant 
voltage power source. 

[0133] When the output voltage of the error amplifier circuit 301 is lowered to reduce the lamp power, the current 
that flows through the resistor 1 1 4 increases. As a result, the collector current of the PNP transistor 1 12 is increased by 
45 the PNP transistors 111 and 112 that constitute the current mirror circuit, and the voltage VM of the junction point 
between the collector terminal of the PNP transistor 112 and the resistor 115 increases. Because the voltage VM is 
used as the input voltage VN of the inverting input terminal of the comparator 103 by way of the transistor 113 that is 
provided as an emitter follower circuit, the input voltage VN increases and the threshold level increases, and the duty 
ratio becomes small. 

50 [0134] On the other hand, when the output voltage of the error amplifier circuit 301 is increased to increase the 
lamp power, the collector current of the PNP transistor 112 decreases and the voltage VM decreases. As a result the 
input voltage VN decreases and the threshold level is lowered, and the duty ratio becomes large. 
[0135] Next, the limit value setting circuit 1 20 for setting upper limit value of the duty ratio will be described. The limit 
value setting circuit 120 comprises the first limit value setting circuit 121 for setting a limit value corresponding to the 

55 battery voltage VB, the second limit value setting circuit 122 for setting a limit value corresponding to the lamp voltage 
VL, the third limit value setting circuit 1 23 for setting the limit value to the maximum value allowable for the circuit when 
the battery voltage VB drops beyond a predetermined value, the fourth limit value setting circuit 124 for setting a limit 
value corresponding to the lamp current IL, and a NPN transistor 125 for limiting the duty ratio to a limit value set by 
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means of the setting circuits 121 to 124. 
[0136] 
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15 



20 



'oSe.u2\:;ro::ZT.^^^^^ ^^^^ to 121c. d^des the ...e^ vctage VB 

means Of the resistor 121 a to 1210 toTm Ih^ SoL7e '"^^^ 

the voltage VO. then the NPN transistor 125 is turnedt^ The fnout vSn \ n, " """^^e VM is higherthan 
by the voltage VM, and a threshold value corresponla tithe o^^tLn^ f ^"^P"^" '° "'^ '^^'"Parator 103 is set 
However, if the voltage VM is lowered to a vJlueZe thin hat ofThi vo un'' ""^^'^'^^ '^'^'^^^ 
cantly, then the NPN transistorl25 is turned on anTt^e inout i ,1^.1 '° '""'^^"^ '^"^P P°"«^ ^'S"'"" 

value is limited so as not to increase more by th^ voltage V^Th^^^^^^ "^^^^ is, the threshold 

limit value is larger as the voltage VO is smaller ThaHs the m«!i h , '=°^^^^P°"'^s ^o the above limit value. The 
[0138] In the first limit value setting cTcu 121 ,hl w^""" ''"'^ 

and the limit value is increased. The eLon ij thft ii ll b«I ^ " '""^ ^""^^ ^°«age VB decreases 

to the right side and the peak heightl"we.fd aHho^^^^^^ 

decreased to match with the characteristic b ^ characteristic curve b in FIG. 28. and the voltage VO is 

cates the supply power of the lamp 2. When the lamrvlt^^VMn ^^e lamp voltage VL that indi- 

1 22c increases to thereby decrease the voCe vS^nd^o^hrrl '="^''^"t of the NPN transistor 

Ply power of the lamp 2 increases th7ch2acterlttc a sm«. t fn' "^^^ ^hat if the sup- 

ransfLer'4'.lSr^^^^^^^^^ 

:e= - - - -~ ^^^^^^^ 

^sl.le"r::;■ulrd^s^^^^ .rv^etTeL? ^ is 

more significantly, because the secondary Se llToMhe ftbSl'? 7""" '""^^ ^^'^^^^^es 

cient secondary side output cannot be obS unless i!e!i2^^^^^^ V significantly. The suffi- 

[0142] To avoid such problem the third S'v«h 1 1^ ^ increased con-espondingly. 

is allowable for the d,cu«.Vt";i w Cl|^ com"" \^o"'^ ^"'"^ *° ^hat 

123b for on/off-controlling the NPN transistor !23a '^"^^^ ^ ^^'^ *'^""'^t°'- ^23a and a comparator 

feSal ani stpXlTthe Stti;^^^^^^^^^ toTe ,^7' ^"fT^^ ^ ^' "-^-rting input 

lower than the voltage VK. the NPN^trrnSor^s Srned r^o tS^ 
r.u..e„ 

lower than a predetemiined value. The fourth lirvaluTsefflna circ Ji pT '^'"^ '"'"P '^"^^^"t 'L ^ 

having a resistor 124b and capacitor 124c. and a N^N tr3oM 2^^^^ "^""""""^ ^ comparator 124a, a filter circuit 

lamp current IL is lower than the reference voltage ^r^ a f^qh Z^ ^"^^ " corresponding to the 

sistor 124d. As a result, the voltage VO decreases and the fm J If ■ S^^^-^ted to thereby turn on the NPN tran- 
of the flyback transfomner 41 can^be suff ^c^n^y h igh ^eli^ " °' ^"^^ 
She — te— ™^ the a - temperature increases, not 

exemplary value, arid a different temperature mrS useTasl^rl;^^^^ predetermined temperature 1lo is an 
this case, the predetermined value is preferab^Too °C ofhl^h^r 1'^''^'%'^"'^^ --eclucing the lamp power In 

ratus temperature. In the case that the diodT is used as in thffifth emZ ^""^'^V °' ^he appa- 

vaiue by changingthenumberof diodes orchangirgrm^grde^tr^^^^^^^^^^^ 
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ently from the fourth and fifth embodiments. That is. the capacitor 61 e is connected between the middle potental point 
X and the ground and the capacitor 6lf is connected between the middle potential points X and Y. The discharge lamp 
apparatus shown in FIG. 29 is encased within the metal case (not shown) in the same manner as in the first to the third 
embodiments, for instance, as shown in FIG. 1 1 . 

5 [01 481 In practice, the inverter circuit 6 is constructed as shown in FIG. 30. 

[01 49] The inverter circuit 6 is provided with the H-bridge circuit 61 comprising four MOS transistors 61 a to 61d as 
■ described above Furthemnore, the inverter circuit 6 is provided with the bridge driving circuit 62 for generating the con- 
trol siqnal to control the MOS transistors 61a and 61 b, the bridge driving circuit 63 for generating the control signal to 
control the MOS transistors 61 c and 61 d. capacitors 640. 642. 645. 648. 649. 652. 655. 658. and 659. diodes 641 . 646. 

10 651 . and 656. and resistors 643, 644. 647. 653, 654, and 657. Numerals 65 and 66 denote power source terminals con- 
nected to a common power source (not shown). 

[0150] A high-and-low driver circuit (IR21 01 of International Rectifier Corp.) is used as the bndge dnving circuit 62. 
The bridge driving circuit 62 is provided with a Hin terminal and a Lin temiinal that constitute input tenninals. respec- 
tively. A Ho terminal and a Lo temiinal constitute output terminals, respectively. A COM terminal serves as the negative 

15 electrode side reference potential. . . 

[0151 ] The bridge driving circuit 62 has a high side circuit 621 and a low side circuit 622 that constitute two driving 
circuit sections MOS transistors 623 to 626 are on/off-controlled by means of the signal supplied from these high side 
circuit 621 and the low side circuit 622. The Hin terminal and Lin tenninal are connected to the low side circuit 622, and 
the Hin terminal and the Lin terminal are connected to the respective terminal C and terminal E that are linked to the 

20 control circuit 1 0 (FIG. 29). Upon receiving the control signal supplied from the control circuit 1 0 by way of these termi- 
nals C and E the low side circuit 622 shapes the waveform of the control signal, and sends the waveform-shaped signal 
to the MOS transistors 525 and 626 connected in series as the driving signal, and transmits it to the high side circuit 
621 . The terminal potential is generated as on/off control signal for the MOS transistor 61b by way of the junction point 
between the MOS transistors 625 and 626, that is, Lo terminal (output terminal). 

[0152] On the other hand, the high side circuit 621 generates the driving signal for the MOS transistors 623 and 624 
connected in series upon receiving the transmission signal from the low side circuit 622. The terminal potential is gen- 
erated as the on/off control signal for the MOS transistor 61 a by way of the junction point between the MOS transistors 
623 and 624 that is Ho terminal (output terminal). ^.^'^ l.. 

[0153] The bridge driving circuit 63 has the same structure as that of the bridge circuit 62 excepting that the Hin 
terminal of the low side circuit 632 is connected to the tenninal E and the Lin terminal is connected to the terminal C. 
that is the connection is inverse to that of the bridge circuit 62. Therefore, the low side circuit 622 and the high side 
circuit 631 generate the same signal, and the high side circuit 621 and the low side circuit 632 generate the same sig- 

[0154] Four driving circuit sections shown herein (high side circuits 621 and 631 . low side circuits 622 and 632, and 
MOS transistors 623 to 626 and 633 to 636) drive MOS transistors 61 a to 61 d of the H-bridge circuit 61 based on the 
potential difference between the output terminals and negative electrode side reference potentials referring to the winng 
connected to the source of the low side MOS transistors 624. 626. 634, and 636 as the negative electrode side refer- 
ence potential For this bridge driving circuits 62 and 63. VS terminal is served as the negative electrode side reference 
potential of the high side circuits 621 and 631 , and the COM terminal is served as the negative electrode side reference 
potential of the low side circuits 622 and 632. 

[01 55] A charging current of the bootstrap capacitor 642 flows by way of the diode 641 . capacitor 642, resistor 644, 
MOS transistor 61b, and resistor 8 when the MOS transistor is turned on, and the bootstrap capacitor 642 is charged. 
The charge charged in the capacitor 642 is used as the power source of the high side circuit 621 . 
[01561 The inverter circuit 6 is further provided with resistors 643, 647, 653, and 657 and capacitors 645, 648, 655, 
and 658 The resistors 643, 647. 653. and 657 are disposed between Ho and Lo terminals of the bridge driving circuits 
62 and 63 and the MOS transistors 61a to 61 d. respectively. The control signals of the high side circuits 621 and 631 
and the low side circuits 622 and 632 are supplied to the MOS transistors 61 a to 61 d by way of these resistors. 
[01571 The capacitors 645. 648. 655. and 658 are connected between the sources and drains of the low side MOS 
transistors 624 626. 634. and 636 out of the MOS transistors 623 to 626 and 633 to 636 connected in series. These 
capacitors and resistors 643, 647, 653, and 657 constitute an integration circuit. The capacitors 645, 648, 655, and 658 
in the above circuit structure function as a protective capacitor for surge absorption. 

[0158] Furthermore the middle points X and Y of the H-bridge circuit 61 (that is. junction point between the MOS 
transistor 61 a and the MOS transistor 61 b. and junction points between the MOS transistor 61 c and the MOS transistor 
61 d) are connected to VS terminals of the bridge driving circuits 62 and 63 by way of the resistors 644 and 654. VS 
terminals of the bridge driving circuits 62 and 63 are connected to COM temninals by way of the capacitors 649 and 659. 
Thereby, the resistors 644 and 654 and capacitors 649 and 659 constitute an integration circuit. The capacitors 649 and 
659 in the above circuit structure function as a protective capacitor for surge absorption. 

[0159] The inverter circuit 6 having the structure described above controls the high side circuits 621 and 631 and 
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^oTctr r^a^^^^^^^^^^^ on . 0,^, ^^^^ ^ 

off alternately in the diagonal relation ' ^"'^ transistors 61 a to 61 d are turned on and 

fnToleC^rt^e"^^ 

S to be"r re"'^^^^^^^^^ z^i::)e:z:::^T' - - ^ 

Winding 71 a of the transformer 7 . At that ^me he hiqh vo l ace nul °^ ^'^^ P"'"^^ 

ing 71b. and the high voltage pulse is ap^fed to th^la^D^^^^^^ 
trodes Of the lamp 2 (spark discharge), thus lighting thTLp l ^' 

SL'u^rer^^^^^^^^^ 

tributed capacitance is formed between the eleSiarw^ra L 1^^^^ °' ^"^^^ d'^" 

cove,^ the electrical wiring L10. The charge chamed inZ^^ h ? t f *° '^"'P ^ ^"'^ ^'^^ 9^°""^ ^l^'^l^ that 

U^eeleLrLTwt^^^^^^^^^ 

MH2, and a peak current value of several ten to 200 1 deoenZ on th '^^T^'^. ^^'^'''^^O" waveform of seve^l ten 
and the distributed capactence. The surge currenUlows toThe a^md thr' t ^'^'^^^^ °' '^^P 2 
?o tion. Because any impedance exists on L path ^ / °^ '^'^^"'t M^or^^\ sec- 
age is generated on the surge current patE due Jo thf T ^^^^^^ *° 9'-°^"^, a surge volt- 
generated as above is a high frequeTcJ c« is diJ^ou^^^^^^^^^ ^^'^^^^ -^9- — "t 
flows dividedly everywhere. For example thrcurrLn??!^ In th/^^ J-^ "t"^' P^**"" ^"^^ ="^9e current 
to.61ato6ldoftheH.bridgeci.u/6t':'r^^^^^^ 
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Lrnitotrel^rt?r^S;cX^^^^^^^ 

However, the surge voltage cannot be suppr^seTpelT n deT^^^^^^^ 

capacitors 61 e and 61f. the surge current genSes a surai vii,! ' k ^" ^"'^^ °^ the 

charging/discharging. For example, a W^Sr^O T.^ *° 

is generated for lighting the lamp 2, at that time SauStS H^rill ^^ T.? """^ ""^^^ ^'9*^ ^"'t^ge P"lse 
61 d to be turned on and the MOS t^nsisS,^ 61 b aTsTc to beSd oTthl ""^^ ^ ^"^ 

voltage of 400 V is applied to the both ends of the capactor 61 e Thplf ' M '^"^ '^^^ the 

ofthecapacitor61eisavoltagethatoscillaLsbeL?rn!cL^^^ 'J^ the surge voltage generated on both ends 

voltage is applied to the midcSe potlS pl^t xTme H bS. h "^^^^^ *° ^- surge 

tem^inals of the bridge driving circuits S anTes by w^oflh^^^^^^^^ ■ "° Lo 

[0165] The leakage magnetic flux is generated 3 the^r^n? ' '° ^"^ '"^^ terminals, 

and the leakage magnetic flux crosses IZ ^Zr cZ^^ to'nl^L'' T ""'^^^ ^"'^^ 9ene,Bted. 
example, in the gate driving circuit of the MOS Mor 6ib i in^r ""^'^^^ °" '"terlinked circuit. For 

itdrdrtrciTerr^-r^ 

bridgJcircu. 61 are c^^eo eVto ou^^^^^^ ^f^f ^ .^^""'-'^ ^^^^ t-nsisto. 61a to 61b of the H- 
tors 61 a to 61 d by way of resistors 643 647T53 ^d 667 S . "'"^ T""" ^^""'"9 the MOS transis- 

and Lo terminals of the bridge driving circuits 62 S^H ^ h ! ^"'^^ ^"""^"^ "^^^ '"to Ho terminals 

pressed. Furthermore, the mfddle pot!Zf^S.^x 2n,^ k h '^^^^'^ -P- 

bridge driving circuits 62 and 63 bj way o the rlfstors IZ Ind '"^"'f ' '° °f 

terminals of the bridge driving circuits 62 and e's te^rsup'^^^^^^ " ^"^^ 
[0167] Furthermore, the capacitors 645 648 r«5«; =nw eco 

transistors 624, 626. 634. and 636 that consiitute thP nntr!^ /'^ connected between drains sources of the MOS 
When the surge current flows throuj^he Sg^at^^^^^^^^^ ''''' '^"^"^ «2 and 63. Thereby, 

the driving circuit for driving the MOS trans^tTr? the inteaSL °' "^^^ "^""'''^^'^ ^ 

and the capacitors 645. 648. 655 and 658 unction; T '=°'"P"^'"g resistors 643. 647. 653. and 657 

transistor 61a to 61d is lowerth^the SstandS^^^^^^^ 
on the magnitude of the distributed capacitance. ^ SC^r^t^ 
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occurs (breakdown voltage), and the wiring pattern and mounting structure of the circuit functional section. 
[0169] According to the experimental result, the surge voltage can be suppressed to a value lower than the with- 
stand voltage of the element by suppressing the time constant (CXR) to a value equal to or larger than 0.2microsecond 
or larger for the resistance value of the resistors 643. 647. 653. and 657 and the capacitance value C of the capacitors 

645, 648, 655, and 658. x u --i -i - 

[0170] Similarly, capacitors 649 and 659 are connected between vs terminals and COM terminals of the bridge dnv- 
. ing circuits 62 and 63. Thereby, when the surge current flows through the wiring that connects between the middle 
potential points X and Y of the H-bridge circuit 61 and VS terminals of the bridge driving circuits 62 and 63, the integra- 
tion circuit comprising the resistors 644 and 654 and the capacitors 649 and 659 functions as a low pass filter to absorb 

10 the high frequency wave current and attenuate the surge voltage generated on both ends of the capacitors. 

[0171] That is. the resistance value of the resistors 644 and 654 and the capacitance value of the capacitors 649 
and 659 are set so that the surge voltage generated between VS terminals and COM terminals is lower than the with- 
stand voltage between these components. The set value is also determined depending on the magnitude of the distrib- 
uted capacitance, the voltage generated when dielectric breakdown of the lamp 2 occurs (breakdown voltage), and the 

15 wiring pattern and mounting structure of the circuit functional section. 

[0172] According to the experimental result, the surge voltage can be suppressed to a value lower than the with- 
stand voltage between VS terminals and COM terminals by suppressing the time constant (CXR) to a value equal to or 
larger than 0.01 microsecond or larger for the resistance value of the resistors 644 and 654 and the capacitance value 
C of the capacitors 649 and 659. 

20 [0173] Furthermore, a low pass filter comprising an integration circuit having the resistors 643, 647. 653, and 657 
and the capacitance between gates and sources of the MOS transistors 61a to 61 d of the H-bridge 61 (MOS capaci- 
tance) is formed. Therefore, in the case of this integration circuit, the surge voltage may be set to a value equal to or 
lower than the withstand voltage of the MOS transistors 61 a to 61 d similarly to the above-mentioned case. According 
to the experimental result, the surge voltage can be suppressed to a value lower than the withstand voltage of the ele- 

25 ments by suppressing the time constant (CXR) to a value equal to or larger than 0.2microsecond or larger for the. resist- 
ance value of the resistors 643. 647, 653, and 657 and the capacitance value C between the gates and sources^^f the 
MOS transistors 61 a to 61 d of the H-bridge circuit 61 . 

[01 74] In the case that the resistors 643, 647, 653, and 657 and capacitors 645, 648, 655, and 658 are not provided 
as in this sixth embodiment, semiconductor devices (623 to 626, 633 to 636, and 61 a to 61 d) having the MOS structure 

30 are likely to break down. The surge current flows through the wiring that connects the gate terminals of the MOS tran- 
sistors of the H-bridge circuit 61 to the driving circuit for driving the MOS transistors, and the surge voltage due to the 
surge current exceeds the withstand voltage of the elements. As a result, the breakdown occurs. 
[0175] That is. if there are no resistor 643 or the like and no capacitor 645 or the like, a large potential difference 
that exceeds the withstand voltage of the elements is generated between the gates and sources of the MOS transistors 

35 61 a to 61 d (between drains and sources of the MOS transistors 624, 626, 634. and 636) when the surge current flows. 
[0176] in the case of the semiconductor device having the MOS structure, the withstand voltage of the gate 
depends on the film thickness of the gate oxide film. Usually, the gate oxide film thickness is several hundreds to 1 000 
A The withstand voltage of the gate oxide film is proportional to the film thickness, and the theoretical value is approx- 
imately 80 V at the thickness of 1000 A. However, actually because the withstand voltage involves scattering due to 

40 defect of the oxide film to cause weak point, the noise -susceptible part is broken down. 

[0177] Because elements having the withstand voltage lower than a predetermined value are rejected by means of 
inspection by a semiconductor manufacturer, elements have mostly withstand voltage higher than approximately 80 V 
when the gate oxide film thickness is 1 000 A. However, some of them among a large number of elements have low with- 
stand voltage, and such elements are broken down. 

45 [0178] The sixth embodiment may be modified as follows. 

(1) In the case that a high voltage pulse is generated without fail while the MOS transistors 61a and 61 d are being 
on and the MOS transistors are being off. for example, only the capacitors 648 and 655 are necessary because the 



50 



55 



path of the surge current is defined. 

The path through which the surge current flows is defined depending on the parts disposition and the wiring 
pattern. Therefore it is possible that only one capacitor is used. 

Furthermore, from the viewpoint of prevention of breakdown of the MOS transistors 61a to 61d of the H-bridge 
circuit 61 , only the capacitors 643. 647, 653, and 657 may be provided. 

(2) Though the resistors 644 and 654 and the capacitors 649 and 659 are provided for withstand voltage protection 
of the bridge circuits 62 and 63, providing the control state of the H-bridge circuit 61 at the time when the lamp 2 is 
started up is determined previously, any one of the bridge driving circuits 62 and 63 may be protected, only one 
resistor and one capacitor are necessary. 

In detail, in the case that the MOS transistors 61 and 61 d and the MOS transistors 61b and 61c are controlled 
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voltag. Is gen^ratecl Therefore in nr;Sr„„rl' ' . " foggh the suige 

re..?or es? ahd ,he exto ls """^ - P""**-. *e 

. provide so ,ha, bo,H-bnage CrMhg CoulU 62 63 Zf^Te^d ^ '^^ 

' £^rgr,r=,r«'isTdt,rs^^^^^ 

erates the starting high voltage pulse may be used. ' ^ 9^"" 
(Seventh Embodiment) 

Hlri^Ucirlrs^to^^^i^^ ^-^"trf ^^^^"'^ ■ 

in the sixth embodiment. The IGB^efa tl 6^d\*°/J' ^ '".^'^.'^ ^'^'^ MOS transistors 61atoeid 

in size. However, the current wLh 'ows throuoh t^. irRT^^ 't^"^" "^"''""^ ^'"'^'"'^ P°"'«^ «^all 

to about 200 A as opposed to several ten^of am^^^^^^^ '^P '"^^^^^^e 

ITLes' ra rS^^^^^^ - ^'-^ emboLent, the irertScircuit 6 is provided 

driving circuits 62 and 63 The diodes 6^^^^^^^^^ '^^"^'"^'^ ^"^^'^^ COM temiinals of the bridge 

the state that the cathode ter^b^are fedna toTh^^ '"'''"'"^'^ ^"'^ ^'^^ ^O"^ terminals in 

temiinal sides. Thereby, the n^Se poS iolfedtn trvQ f ' T '"^"^'"^'^ ^''^ ^'^^ COM 

[0181] The seventh embodimemop^^^^^^^^^ *° ^ predetermined potential. 

isthe.„^^ 

SofthTlaTp'^trcr^^^^^^^^^ 

apparatus is gro^ded n such a c^s L L^w^^^^^^ '^P TPf"*^^ *he lamp replacing work, the discharge lamp 
the moment of the grourid "e oha*^rg: o^^^^^^^^^^ '^^J ^ 9™-^^^ (short circuit state)' and at 

charged by way of the IGBT 61a. sf"o°th,ng capacitor 44 charged to approximately 90 V is short-circuit dis- 

fnTa'jea.:;ipp;:;:;:;ar4?^^^^^^^^^^ 

ance of the wiring of the discharge path -^rda 'ofni ni^-H f P^"'*^"'^^ °' '^^P^'^""^ 44 is resonant with the induct- 

having positive/negative seSten ttts .^th rT^^^^^^^^^ '"T"' '° '^^""^^ >'°t«9e 

the H-brldge. The positive Poten^aUut ^^^p: ^ pl^^^ "^^^^ ^ ^"'^ ^ °^ 

voltage does not exceed such a voltage in the normlu^^Z2 J' 1 ^"^ P'°'"^'"' (because the 

[0184] A trial discharge lamp appam us in wSh. ir r? TJ' P°*""''^' ^ P^^lem. 

studied. In the trial dischargeTamp S^^tus t^^ ri«iJ^^^^^ ^-''"^^ ^"^ ^as been 
diodes 346 and 656 we. eLnalTnTh^;:: rcS Thotn 1 ^^^^ 

bJ^usV^r^^^^^^^^ P-n«- 0^ the middle potential point X became 

middle potential point X becomes negattrthe StteZaoTir T h I ! '^'^'^ P°'""«^' the 

minal of the driving circuit 62 As a resutt L HriC^f I io • ^OM temiinal and the VS ter- 

of the integrated drcuit. ' ""^'"^ ^'^^ the breakdown of the internal part 

tSetSldiscr^e^rm™^^^^ 

was generated at the middte ptentXint X aJ^the ^^^^^ '^'T^T' ^''^ ^°'t«g« °f several ten vote 

warti voltage drop due to a large cu rl^ 1 throuoh «T« ^ ^hat the for- 
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bridge circuit 61 are in off state. 

[021 3] Therefore when the switch SW is turned on in the state where the connection point between the MOS tran- 
sistor 61c and the MOS transistor 61d. to which the lamp 2 is connected, is grounded, the .operation as described below 
occurs The output signal waveforms at various points during the operation are shown in FIG. 38A. For reference, the 
output signal waveforms of the various points in the conventional apparatus are shown in FIG. 38B. In the conventional 
apparatus, the high level signal and the low level signal are generated alternately from the H-bridge control circuit 400 
(terminals C and E) at the same time as the switch SW is turned on. 

[021 41 First, from the time point when the switch SW is turned on and the power source voltage (VB) is applied, the 
power-on reset "pulse circuit 8 generates a high level pulse that continues to timing t1 . The power-on reset pulse initial- 
izes the circuits, and the operation of the circuits starts from the timing t1 . 

[021 5] However, as described above, the MOS transistors 61 a to 61 d of the H-bridge circuit 61 continues in off state 
until the predetermined time elapses from the time when the switch SW is turned on, that is. until timing 12 in FIG. 38A. 
The operation of portions other than the MOS transistors 61 a to 61 d starts from the timing t1. A predetermined timing 
t3 is set to a value longer than the timing t1 when the power-on reset circuit 8 generates the power-on reset pulse. 
[021 6] First, the DC-DC converter 4 operates from the timing t1 , and the output voltage of the DC-DC converter 4 
increases with time gradually. Because the output voltage of the DC-DC converter 4 is applied to the Vx point by way 
of the resistor 60a, the voltage of the Vx point increases with increase of the output voltage of the DC-DC converter 4 
down to the Zener voltage of the Zener diode 60b. 

[0217] When above predetermined time elapses and the timing t3 comes, the H-bridge control circuit 400 gener- 

20 ates the high level signal and the low level signal altemately from the temiinals C and E. At that time, the output voltage 
of the DC-DC converter 4 reaches a predetermined voltage VDC. Therefore, the voltage of the Vx point is in the ele- 
vated state, and the capacitor 60e is also in the state where the capacitor 60e is charged with a sufficiently high voltage. 
[0218] When the MOS transistor 61c is turned on, and the ground current flows by way of the primary wiring 41a 
and the secondary wiring 41 b of the transformer 41 , the diode 43, and the MOS transistor 61c. As a result, the VB volt- 

25 age drops and the output voltage of the DC-DC converter 4 also drops, but the voltage of the Vx point decreases. grad- 
ually along with the discharge of the capacitor BOe charged with the sufficiently high voltage. Because it takes a-some 
long time for the capacitor 60e to discharge to the level where the voltage of the Vx point drops to the limit voltage Vx2 
(the driving circuit 63 cannot operate with a voltage lower than the voltage Vx2). the fail-safe circuit 900 can detect the 
grounding at the timing t3 before the voltage drops to the voltage Vx2, and thus the MOS transistors 61a to 61d of the 

30 H-bridge circuit 61 can be turned off. 

[0219] On the other hand, in the case of the conventional apparatus, when the switch SW is tumed on and the 
power source voltage (VB) is applied, the power-on reset circuit 8 generates the power-on reset pulse that continues 
during the time period to the timing t1 . the power-on reset pulse initializes the circuits, and the operation of vanous cir- 
cuits including the H-bridge circuit 61 starts from the timing t1 . 

35 [0220] As a result, the MOS transistor 61 c is turned on at the timing t1 , and the ground current flows. Therefore, the 
voltage of the VB terminal drops due to the voltage drop of the electrical wiring, and the voltage of the Vx point also 
drops. 

[0221 ] The voltage of the Vx point drops down to the voltage Vx2 that is the limit voltage for operation of the driving 
circuit 63, the driving circuit 63 is shut down, and the MOS transistor 51c is turned off. Thereby, the ground current is 

*o shut down At that time, the duration of the ground current is short, the fail-safe circuit 900 cannot detect the grounding. 
Because of the above, when the MOS transistor 61c is turned off. the voltage of the Vx point increases to the voltage 
with which the driving circuit 63 can start the operation again. Then, the voltage of the Vx point increases, the dnving 
circuit 63 starts the operation, the MOS transistor 61 c is turned on. and the ground current flows again. The above oper- 
ation is repeated again and again to cause oscillation, and the fuse and elements are broken down. 

45 [0222] As described above, in the eighth embodiment, the MOS transistors 61 a to 61 d are turned off from the time 
when the switch SW is turned on to the time when the predetermined time elapses, that is. until the timing t2, thereby 
the fail-safe circuit 900 can detect the grounding surely even in the case of, for example, the grounding in which a short 
circuit occurs at the connection point between the MOS transistor 61c and the MOS transistor 61 d. As a result, the cir- 
cuit is protected from breakdown due to the above oscillation state. 

50 [0223] In the fail-safe circuit 900. the fail-safe includes not only the grounding but also other malfunction (for exam- 
ple disconnection of the connector (not shown) of the lamp 2. In this case, a malfunction detection signal (signal that 
is high level when a malfunction is detected) is supplied to the NOR gate 906. When the malfunction detection signal is 
supplied continuously for a time period while the timer circuit 909 counts a predetermined time, the high level signal is 
generated from the D-fiip-flop 91 0, thereby the H-bridge circuit 61 is turned off and the MOS transistor 42 is turned off. 

55 [0224] The present invention having been described with reference to the foregoing embodiments should not be 
limited to the disclosed embodiments and modif ications, but may be implemented in many other ways without departing 
from the spirit of the invention. 
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Claims 



1. A -ccnge l^p apparatus h»„„s . DC powar sou,^ „) a« . high votega discharge .a,p ,2, c.prtsing: 
a hybrid IC (1000) having a circuit connected electrically 'to the terminal- 

ctiTn- '-"^^'^ - """ned an. i„ ,h. o.,arco„Su,ga«....,h .he ,e.,„ 

»he.,in the tra„etom»r Is aapoaaa oulalda a„ pariphaiy ol th. h,bnd lO. 
a. A dlsohanga l.mp .ppa«„s having . Do power .ou„>e ,„ »« a high ve».ge diacharg. ^ ,2, oo.prlalhg, 

: cat^r.^nrij.'Strr^r^^^^^ 

a^^r/rT r^i'i'c zrr ~ »» — «-".^ 

'ZST.T - an outer pa„ph.^ o, ^ 

wherelntheoapaoltorlslooMeabetweentheftettrahafcmierandtheinduaor. 

3. A discharge lamp apparatus as In dalm 2, further comprising: 

4. A discharge lamp apparatus as In claim 3, wherein: 

aminimum distance betweenacore Of the inductor andacore Of thesecondtransformerisia^erthamomm. 

5. A discharge .ar.p apparatus having a DC power source (1) and a high vo,tage discharge lamp (2) comprising: 

a%Tco°drnrmr(;"C 

high voltage to the discharge lamp ^ ^ *^ "''"^'^ ^"'^ ^PP^ing « 

:;iL:re?L°"""'*"'™"=''^"«^"-'"-'''=^*--"'"*™-."»-^ 

^rSe"2rc:;^ef '°' --^o-'. .em-ln,,, the 

Wherein the hybrid IC Is fixed on one face of the outer container In the outer container 

Wherein the hrs, and second .„ns,or„,e,s and the ternrlnal are contam^f^TS In the outer conulner 
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VS terminal and the COM terminal. The resistor 654 is provided between the middle potential point Y of the H-bridge 
and the VS terminal of the driving circuit 63, and the diode 656 is connected between the VS terminal and the COM 
terminal. 

[0188] By employing the above structure, for example, when a negative voltage is applied on the middle potential 
5 point X the magnitude of the current that flows into the middle potential point X is restricted by the resistor 644. Only 
the current restricted by the resistor 644 flows through the diode 646, the forward voltage drop of the diode 646 is suf- 
ficiently low. The applied voltage between the VS terminal and the COM terminal is clamped to a low value, and the driv- 
ing circuits 62 and 63 are not broken down. In the case that the wiring that connects the middle potential point Y of the 
H-bridge to the lamp 2 is grounded, the driving circuit 63 is not broken down as in the case that a negative voltage is 
10 applied on the middle potential point X as described above. Thus, even when a negative voltage is applied to the X and 
Y points of the H-bridge, the driving circuit 62 is protected from breakdown. 

[0189] Whenear thed, the lamp 2 is turned off at that moment. Subsequent to the discharge of the capacitor 44, a 
current flows from the DC power source 1 by way of the transfonner 41 and diode 43. This state is detected by means 
of the lamp voltage VL and the lamp current IL. after elapsing of the state for a predetermined time, a fail-safe circuit 
15 (not shown) may be operated to turn off all the elements in the H-bridge circuit (61 a to 61 d). Thereby, the ground current 
is prevented from flowing continuously. 

[0190] The seventh embodiment may also be modified in the same manner as the sixth embodiment. 
(Eighth Embodiment) 

20 

[0191] In an eighth embodiment, as shown in FIG. 32. a power-on reset circuit 80 is connected to the control circuit 
10 Further the inverter circuit 6 includes a resistor 60a. a Zener diode 60b. a diode 60c, a resistor 60d and a capacitor 
606 The control circuit 10 is constructed, as shown in FIG. 33. to have a fail-safe circurt 900 in addition to the control 
circuit 10 shown in the fifth embodiment (FIG. 23). The details of the inverter circuit 6 and the control circuit 10 are 
described in the copending U.S. patent application No. 09/304.840 (EP 0955793 A2) which is incorporated herein by 

reference ' 
[0192] As shown in FIG. 34, the power-on reset circuit 80 and the fail-safe circuit 900 are connected to the PWM 
control circuit 1 00, which includes inverters 1 04, 1 06 and an AND gate 1 05 in addition to the threshold level setting cir- 
cuit 101 the sawtooth signal generation circuit 102 and the comparator103. The circuits 101, 102 and the comparator 
103 are described with respect to the fifth embodiment (FIG. 27). Here, it is to be noted that the control circuit 10, par- 
ticularly the H-bridge control circuit 400 (FIG. 33) is so constructed that output signals applied from the terminals C and 
E to the driving circuits 62 and 63 are maintained at the low level for a predetermined time after the switch SW is turned 
on, particularly after a power-on reset pulse from the power-on reset circuit 8 disappears. 

[0193] in the PWM control circuit 100, when the fail-safe circuit 900 produces a high level signal indicative of the 
grounded condition of the lamp 2. the inverter 1 04 produces a low level signal. The AND gate 1 05 produces a low level 
output to turn off the MOS transistor 42. Thus, when the lamp 2 is grounded, the DC-DC converter 4 stops its operation. 
Further when the power-on reset circuit 80 produces a high level signal indicative of application of the battery voltage 
to the discharge lamp apparatus, the inverter 1 06 produces a low level signal. The AND gate 1 05 produces the low level 
output to turn off the MOS transistor 42. 
10 [0194] The fail-safe circuit 900 is constructed as shown in FIG. 35. The fail-safe circuit 900 comprises a lamp volt- 
age detection circuit 901, a lamp cun-ent detection circuit 902, an AND gate 903, a filter 904. a one-shot multivibrator 
circuit 905, a NOR gate 906. a filter 907, an OR gate 908, a timer circuit 909 and a D-type flip-flop 910. 
[0195] The lamp voltage detection circuit 901 has a comparator 901 a, which compares the lamp voltage VL of the 
sample-hold circuit 200 and a predetermined voltage Vr2 (for instance. 20 V) and produces a high level signal (voltage 
45 drop signal) while the lamp voltage VL is less than the predetermined voltage Vr2. 

[01 96] The lamp current detection circuit 902 comprises a comparator 902a, a capacitor 902b and a resistor 902c. 
The comparator 902a compares a voltage VIL corresponding to the lamp current IL with the predetermined voltage Vr3, 
and produces a high level signal (current drop signal) when the voltage VIL is less than the predetermined voltage Vr3, 
that is the lamp current IL is less than a predetermined cun-ent (for instance, 0.2 A). 
50 [0197] When the lamp 2 is under the power control, the lamp voltage VL is in the range of 20 V - 400 V. for instance, 
and the lamp current is in the range of 0.35 A - 2.6 A. Therefore, the lamp voltage detection circuit 901 and the lamp 
current detection circuit 902 both produce the low level signals. 

[0198] However, when the electric wiring part at both sides of the lamp 2. that is, the electric wiring part between 
the inverter circuit 6 and the lamp 2. is grounded, an excessive current flows through the secondary side of the flyback 
55 transformer 41 and the lamp voltage VL decreases to less than 20 V. Further, the excessive cun-ent flows from the side 
of the secondary winding 41 b to a ground, and the lamp current IL decreases to less than 0.2 A. Thus, the lamp voltage 
detection circuit 901 and the lamp current detection circuit 902 both produce the high level signals, and the AND gate 
903 produces the high level output indicative of the grounded condition. 
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the lamp 2 is disconnected, the lamp current ifdreTses LT." th= M ^'^^^'^'""'^^^ '^"^^ent. Further, in case that 
VL remains at more than the predetermined vcMtaae V^ Thuf th ^'^^^'^"^^^^^ ^^"ent while the lamp voltage 

be distinguished from the sho' ing and ZonnSn o^the "^^^^^ ^ °' ^'""9 '-2°° 

[0200] The operation afterthegroundinq is descrlbPdnPYt Qir,r,=i. * 

[0201] When the output signal "a" of the /^^D Ste QO-T^hl ^ f ^^^^ ^5 is shown in FIG. 36. 

fifter 904 also changes to the high lev J The outpuT fg arc" o h" onl f 'TL" ^'9"^' °^ 

^^c^^rcujsrr:^^^^^^ 

the MOS transistors 61 a and 61 c grounding of the electric winng part L200 is interrupted by 

!L:ietoTh:hi:::lT5n:^r:S:~ - the th^istor .6 in 

circuit 500 is shown in Fig. 37. The high voltage control circ^soo h 'l ! 'construction of the high voltage control 

the gate driving signal to the thyristor 76 in reLonse To thl outnu? , S^"^^^^'^" °"^"it 501. which produces 

When the one-shot multivibrato'circuit 905 prcSuces the J^^^ S "^"'"'^ '^"^""^ ''O^- ^^^f^-- 

to Close an AND gate 503 and disable the turning on S thMhSlrrT^^^^^ '^'^ -^P"^ 

ing the lamp 2 is disabled. ^ thyristor 76. That is, generation of the high voltage for light- 

[0204] When the lamp voltaqe VL increacspc in roor^„r,o« . »u . • 
nal Of the lamp voyage detec«oLim:tTorch ;e^r^^^^^^^^^ 

changes to the low level ^ ^""^ °"*P"t ^'Sna' "a° of the AND gate 903 

to the high level. As a result, the one-shrmuSrvib^tLr c^i^-S pni ^" ^^^^^^ AND gate 903 also changes 

gate 606 changes to the low level and the ou^ut Tgl??» o^^ output signal of the NOR 

the output Signal of the OR gate 908 changes to the tow teLfthoV "^^"^^^ *° '^^^ F^-^her, as 

and starts to time counting operation When a Idetl^^^^^^ -^'^^^^"^ ''""^ -"^^et condition 

of the timer circuit 909 changes to the hi^ liKe oTi^^t^T f ^^'^^^^^ elapses and the output signal "f" 
a high level in response to the output s^al V as a c'f;^^^^ ^'9"^' "9" ^^e D-type flip-flop 910 changes to 

produces the high level signal, the outputs of the in^rteM ^4 anJth T^^^^^^ "^"^P^ "'P-A^P 0 

TheMOst^nsistor 42 turns Off and th^eDC-^^^^^^^^ 

offunLthiri:;^^^^^^^^ 

tact part, the electric power of the secondary'side of the Xk tr^ni^l'erli"" ^'^'^^^ ^'^^ 

ing off the MOS transistor 42 to stop the operation o thl 41 's consumed greatly. However, by turn- 

41aof.hef,backtran.ormer41cLbersSr^^^^^ 

Lt^rlned^^Lr^n""^^^^^^ 

temporarily (for the predetermined time) anj he gene-tion ^ I'' ''■'''^^ ♦"--^ 

predetermined time, the H-bridge circui 61 is ooeratera^^in rf^^ "^^''"9 ^9^'" ^i^^'^'^d- After the 

again in this operation, the above operation sSed ln^^^^^ '^"^^ ^^t^rmined 

predetermined time period, the DC-Sc cZirteM TstoD^^^^^^^^^ °' the 

[0211] Thus, as the stop and restart of the H hrili > L? °P^''^*'"9 ^"«^ ^ maintained, 

grounded condition based on the "^rvo fge VL S th"^^^^^^ T^"^^ ^'^^ determination of the 

the repetition continues for the predetermined period e ^oneous Z^k ^"^'^♦^^ «'hen 

Which the fail-safe operation is effected imSatL jVreJoons! t?! ? 't^^'^^^^^^ comparison with the case in 
[0212] In the eighth embodiment ardeStoed ab^ve SI ? f ,^ determination of the grounding. 
Circuit 400 until the piBdetermined tiL elapseff omS^^^^^^ 1^-?^ ^'^^ ""^"^^^ 

apperance Of the power-on reset.pu.e. TheV du^Ctrtim^^^ 
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together with the resin case, and 

wherein the first transformer and the second transfonner are disposed outside an outer periphery of the hybrid 
IC. 

5 6. A discharge lannp apparatus as in any one of claims 3 to 5, wherein: 

a minimum distance between a core (41 c) of the first transformer and a core of the second transformer is larger 
than 10 mm. 

10 7. A discharge lamp apparatus as in any one of claims 1 to 6, wherein: 

a core (41c) of the transformer for boosting the voltage supplied from the power source is a ring-shaped toroi- 
dal type core. 

75 8. A discharge lamp apparatus as in any one of claims 1 to 7, wherein: 

an outer periphery of a winding (41 a and 41 b) of the transformer for boosting the voltage of the power source 
is fixed to the resin base (41 d); and 

the winding (41a and 41b) fixed to the resin base is assembled in the resin case. 
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9, The discharge lamp apparatus as in any one of claims 1 to B, wherein: 

saturation magnetic flux density of a core (41 c) of the transfonner for boosting the voltage of the power source 
is above 6000 gauss at a core temperature of 1000 **C. 

10. The discharge lamp apparatus as in any one of claims 1 to 9, wherein: -^^^^ 

an outside size of the outer container disposed perpendicular to one face of the outer container to which the 
hybrid IC is fixed is smaller than 25 mm in the case that a 35W bulb is used as the discharge lamp. 



11. The discharge lamp apparatus as in claim 10, wherein: 

internal volume and weight of the outer container are smaller than 300 cc and lighter than 500 g, respectively. 
35 12. The discharge lamp apparatus as in any one of claims 1 to 1 1 , wherein: 

an outer container is provided with a metal case having an opening on one side and a cover for covering the 
opening of the metal case; and 

the metal case covered with the cover is assembled within a vehicle lamp fitting, with the opening of the metal 
?o case being disposed in a downward direction. 

13. A discharge lamp apparatus having a DC power source (1) and a high voltage discharge lamp (2) comprising: 

a DC-DC converter comprising a transformer (41) for boosting a voltage supplied from the DC power source, 
45 a switching element (42) connected to a primary winding (41 a) of the transformer in series, and a capacitor (45) 

connected in parallel with the transformer connected in series with the switching element, for generating the 
boosted voltage; 

a starter circuit (7) having a thyristor (76) for turning on the thyristor when the high voltage discharge lamp is 
started to light and for applying a high voltage pulse to the high voltage discharge lamp based on the boosted 
50 voltage generated from the DC-DC converter; and 

a gate circuit (1 1 ) for generating the gate signal to turn on the thyristor, 

wherein the switching element and the gate circuit are both formed on a hybrid IC board (1 00), 
the negative electrode side terminal of the capacitor is connected to a first wiring member (24) and then con- 
nected to the hybrid IC board by way of the first terminal (12c), 
55 wherein the cathode terminal of the thyristor is connected to a second wiring member (24) and then connected 

to the hybrid IC board by way of the second terminal (12m) different from the first terminal, and 
wherein the first terminal and the second terminal are electrically connected on the hybrid IC board. 
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». A discharge lamp apparatus having a DC power source (1 ) and a high voyage discharge .amp (2, comprising: 

: «rr^^^^^^^ r -"^^^ -PP"^'^ DC power source, 

connected in parallel tftrtransfon^er c^^^^^^^ ^ transformer In series, and a capacito 

boosted voltage; '^nsformer connected ,n senes and the switching element, for generating the 

s^rrtoS^^^^^^ 

voltage generated from the DC-DC conS' and ^ '^"^P ''"^"'^ °" ^°°^ted 

a gate circuit (1 1 ) for generating a gate signal to turn on the thyristor 

Wherein the switching element and the gate circuit are both formed on a hybrid 10 board f 1 0O) 

f^rr^mrf-it^:;-::^^^^^^^^^^^ 

formed on the hybrid IC board connection to a portion to be connected to a ground 

IS. The discharge lamp apparatus as in claim 13 or 14. wherein: 
20 the gate circuit has a third temninal (403) to be grounded- and 

25 16. The discharge lamp apparatus as in claim 15, wherein: 

17. A dl^hange lamp ,ppa.„„, having a DC pow., sou,., (, , a h^. «.»as,. **a,Be lamp (2) comp*,„g. 

boosting a "onaae suppfe/ta,,^,te K- flT?^ ^.f" " ""''•S' " 'V 

1 8. The discharge lamp apparatus as in claim 1 7, wherein: 

55 

19. The discharge lamp apparatus as in claim 18, wherein: 

the circu. functional section comprises a t,.nsf6m,er (41 ) for boosting a voltage supplied from the DC power 
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source a first switching element (42) connected in series with a primary winding (41 a) of the transformer, and 
a second capacitor (45) connected in parallel with the transformer connected in series and the first switching 
element: 

the circuit functional section includes a DC-DC converter (4) connected in series to the DC power source to 
which the second capacitor is connected by way of wiring member and the second switching element (9) con- 
nected in series with the second capacitor between the second capacitor and the portion of the negative ter- 
minal out of the wring member that serves for shutting down the electrical conduction when the polarity of the 
DC power source is reversed; and 

the first capacitor is connected to the negative terminal side with respect to the second switching element. 

20. The discharge lamp apparatus as in claim 19. wherein: 

the first switching element and the second switching element are included in the first circuit section; and 
the transformer and the second capacitor are included in the second circuit section. 

15 . . 

21. A discharge lamp apparatus having a DC power source (1) and a discharge lamp (2) comprising: 

a DC power source circuit (4) for boosting a voltage of the DC power source by means of switching of a switch- 
ing element and smoothing a boosted voltage by means of a smoothing capacitor (44); 

an H-bridge circuit for AC-lighting the discharge lamp by means of an output voltage of the DC power source 

circuit; and l, ^ 

a starter circuit (7) provided with a capacitor (76) that is charged by means of an output voltage of the H-bridge 
circuit and a high voltage generation transfomner (71) having a primary winding (71 a) connected to the capac- 
itor and a secondary winding (71b) between the H-bridge circuit and the discharge lamp, the starter circuit 
being for boosting a charging voltage of the capacitor by means of the high voltage generation transfonner 
when the discharge lamp is to be lighted and for applying the high voltage to the discharge lamp, 
wherein the discharge lamp is an vehicle 35W bulb, and r ^ 

wherein L2 (value at DC superimpos'ition 1.5 A)s2.6 xlO'^ (henry), capacitance CI ^0.5x10" (farad), and 
L2 (value at DC superimposition 0.4 A)xC1 ^1 xlO 'Vf -'"^ are satisfied, with L2 denoting an inductance of 
the secondary winding of the high voltage generation transformer, C1 denoting a capacitance of the smoothing 
capacitor, and f (hertz) denoting a switching frequency of the switching element. 
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22. The discharge lamp apparatus as in claim 21 . wherein: 

35 the high voltage generation transformer applies a high voltage of 1 7 kV or higher to the discharge lamp with a 

charging voltage of the capacitor of 350 V to 400 V. 

23. A discharge lamp apparatus having a DC power source (1) and a discharge lamp (2) comprising: 

ffo a transformer (41 ) for boosting a voltage of the power source; 

a switching element (42) connected to a primary side of the transformer; and 

power control means (1 00, 300) for duty-controlling the switching element based on a signal indicating a light- 
ing state of the discharge lamp to thereby control the power supplied to the discharge lamp, 
wherein the power control means is provided with power reduction means (600) for reducing the power sup- 
45 plied to the discharge lamp as a temperature increases. 

24. The discharge lamp apparatus as in claim 23, wherein: 

the power control means controls the power reduction means so as to reduce the power supplied to the dis- 
50 charge lamp when the temperature exceeds a predetermined value. 

25. The discharge lamp apparatus as in claim 23, wherein: 

the power control means controls the power reduction means so as to control the power supplied to the dis- 
charge lamp corresponding to a difference in temperatures between the predetermined value and the appara- 
tus temperature when the temperature exceeds a predetermined value so as to reduce the power supply as 
the temperature difference is large. 
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26. The discharge lamp apparatus as in claim 24 or 25, wherein: 

the predetermined value is set to about 100 °C or higher. 

27. The discharge lamp apparatus as In any one of claims 23 to 26. wherein: 

the power reduction means has a plurality of diodes connected in series- and 

28. A discharge lamp apparatus comprising: 

inv^TOr circuit in th. sL, c^. 9ener.(,on means bei„g co«.in«l togetl,er w«h the 

th. four »mfco„dLo,LitS"fere„; "iiSi^r,:^^^^^^^ T'"'" " " 

29. A discharge lamp apparatus comprising: 

necMd dlr«ly, °" ' <" I"™""" P"'* ■>' «» »»■> "OS transstors can- 

30. The discharge lamp a|jparatus as in any arte of claim 1 or 2. wharein: 

LTcranrdrrm^iX':^^^^^^^^^ 

resistors is at least 0.2 microsecond °' '^"^ ""^ 

31 . The discharge lamp apparatus as in any one of claim 28 to 30, wherein: 

a MOS capacitance value (C) and a resistanrp value cr\ r.f th« <• * 
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32. A discharge lamp apparatus having a discharge lamp (2) comprising: 

an inverter circuit (6) including a H-bridge circuit (61) having four semiconductor switching elements (61a to 
Bid) having MOS structure disposed in a H-bridge configuration and bridge driving circuits (62 and 63) having 
5 output terminals (Ho and Lo) to be connected to gate terminals of the semiconductor switching elements for 

driving the four semiconductor switching elements; and 

high voltage pulse generation means (7) for applying a high voltage pulse to the discharge lamp to start lighting 
the discharge lamp, the high voltage pulse generation means being contained together with the inverter circuit 
in the same case, 

10 wherein the output terminals of the bridge driving circuits are connected to gate temninals of the semiconductor 

switching elements of the H-bridge circuit by way of first resistors (643, 647, 653 and 657). and 
a MOS capacitance value (C) and a resistance value (R) of the first resistors are set so that a time constant 
determined by the MOS capacitance value of the semiconductor switching elements having the MOS structure 
and the resistance value of the first resistors is at least 0.2 microsecond. 

75 

33. The discharge lamp apparatus as in any one of claims 29 to 32, wherein: 

for two of the four driving circuits, the middle potential points (X and Y) of the H-bridge circuit are connected to 
the terminals (VS) provided as a negative electrode side reference potential, and, for other two of the four driv- 
20 ing circuits, the ground potential point is connected to the terminals (COM) that are provided as the negative 

electrode side reference potential; 

the four driving circuits drive the four semiconductor switching elements, respectively, based on a potential dif- 
ference between the output terminals and the negative electrode side reference potential of the driving circuits; 
and 

25 on at least any one of the two bridge driving circuits having the terminals provided as the negative electrode 

side reference potential are connected to the middle potential points of the H-bridge circuit, the middle potential 
points of the H-bridge circuit are connected to the terminals provided as the negative electrode side reiference 
potential by way of second resistors (644 and 654). the middle points between the resistors and terminals pro- 
vided as the negative electrode side reference potential are connected to the ground potential point by way of 

30 second capacitors (649 and 659). 

34. A discharge lamp apparatus as in claim 33, wherein: 

a resistance value (R) of the second resistors and a capacitance value (C) of the second capacitors are set so 
35 that a time constant determined by the resistance value of the second resistors and the capacitance value of 

the second capacitors is at least 0.01 microsecond. 



35. A discharge lamp apparatus comprising; 

<to an inverter circuit (6) including a H-bridge circuit (61) having four semiconductor switching elements (61a to 

61 d) having a MOS structure disposed in a H-bridge configuration and bridge driving circuits (62 and 63) for 
driving the four semiconductor switching elements; and 

high voltage pulse generation means (7) for applying a high voltage pulse to a discharge lamp (2) to start light- 
ing the discharge lamp, the high voltage pulse generation means being contained together with the inverter cir- 

45 cult in a same case, 

wherein the bridge driving circuits have four driving circuits (621 , 622. 631 and 632) for driving the four semi- 
conductor switching elements, respectively, output terminals (Ho and Lo) of the four driving circuit are con- 
nected to gate terminals of the four semiconductor switching elements, respectively, for two of the four driving 
circuit middle potential points (X and Y) of the H-bridge circuit are connected to terminals (VS) provided as a 

50 negative electrode side reference potential, for other two of the four driving circuits a ground potential point is 

connected to tenninals (COM) provided as a negative electrode side reference potential, the four driving cir- 
cuits drive the four semiconductor switching elements, respectively, based on a potential difference between 
the output terminals and the negative electrode side reference potential of the driving circuits, and 
on at least any one of the two bridge driving circuits having the terminals provided as the negative electrode 

55 side reference potential are connected to the middle potential points of the H-bridge circuit, the middle potential 

point of the H-bridge circuit is connected to the terminals provided as the negative electrode side reference 
potential by way of resistors (644 and 654), the middle points between the resistors and terminals provided as 
the negative electrode side reference potential are connected to the ground potential point by way of second 
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capacitors (649 and 659). 
36. A discharge lamp apparatus as in claim 35, wherein: 



10 



15 



20 



37. A discharge lamp apparatus comprising: 

wherein the bridge driving circuits have four driving circuits for drMno the four' IGRT^ r . . 

minals (Ho and Lo) of the four drivino circuits are oonnJ^H t T . , ' '^^^'^"'^^^f- output ter- 

Wherein, for two of the four driving circuits, middle potential ooints /X anri of th. u u - . 

25 38. The discharge lamp apparatus as in claim 37. wherein: 
the clamp means are diodes; and 

the^ermlnal provided as the negative electrode side reference poter,«al is connected to the ground potentia. 

30 

39. The discharge lamp apparatus as in claim 37 or 38, wherein: 

40. A discharge lamp apparatus comprising: 

wherein the bridge driving circuits have four driving circuits for drivino the four IGRT« r««r,» y . 
minals (Ho and Lo) of the four driving circuit are ^x^r^^rZTL !.=T ♦ . 7 ' •^^^P^'^t'^e'V- 0"tPut ter- 

electrode side reference "^^^^^^ 
41. A discharge lamp apparatus having a DC power source (1) and a discharge lamp (2) comprising: 

a DC-DC converter (4) for boosting a voltage of the DC power source (1 ) by a transformer (41); and 
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an inverter circuit (6) including a H-bridge circuit (61) having four semiconductor switching elenaents (61a to 
61 d) disposed in a H-bridge configuration and bridge driving circuits (62 and 63) for controlling on/off operation 
of the four semiconductor switching elements using the voltage boosted by the DC-DC converter as a voltage 
supply source, the voltage boosted by the DC-DC converter being converted to an AC voltage by the inverter 
circuit and the AC voltage being applied to the discharge lamp to AC-light the discharge lamp, 
wherein the voltage of the DC power source is applied to the DC-DC converter, on/off operation of the semi- 
conductor switching elements is started after a predetermined, time elapses from a time point when the DC- 
DC converter starts the operation, and the semiconductor switching elements are kept in off state before, the 
predetermined time elapses. 

70 

42. The discharge lamp apparatus as in claim 41 , further comprising: 

a capacitor (67) charged by the voltage boosted by the DC-DC converter as the voltage supply source, 
wherein the boosted voltage of the DC-DC converter is applied as an operating voltage of the bridge control 
75 circuits, and 

wherein the charging voltage of the capacitor is applied instead when the boosted voltage of the DC-DC con- 
verter drops. 

43. The discharge lamp apparatus as in claim 41 or 42, further comprising: 

an H-bridge control circuit (400) for generating a control signal for controlling the bridge driving circuits, 
wherein the bridge driving circuit controls the on/oft operation of the four semiconductor switching elements 
based on the control signal, and 

wherein the H-bridge control circuit supplies the control signal that functions to turn off all the four semiconduc- 
tor switching element to the bridge driving circuits during the time before the predetermined time elapses. 

44. The discharge lamp apparatus as in any one of claims 41 to 43, further comprising: 

a fail-safe circuit (600) for detecting grounding based on s lamp voltage (VL) applied to the discharge lamp and 
30 a lamp current (IL) that flows through the discharge lamp; and 

a H-bridge off circuit (401 ) for supplying the control signal that functions to turn off all the four semiconductor 
switching elements to the bridge driving circuits when grounding is detected. 
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